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ABSTRACT

Processing of data taken with the U.S. Geological Survey's coal- 
seismic system is done with a desktop, stand-alone computer. Programs 
for this computer are written in the extended BASIC language used by the 
Tektronix 4.051 Graphic System. This report presents computer programs 
to compute static corrections using a high-redundancy ABC method applied 
to data obtained with a six-fold, two-spread-direction field procedure.

INTRODUCTION

To achieve the lateral and vertical resolution required in coal- 
exploration and coal-mine-development seismics, high resolution (HR) 
techniques must be used. These techniques generally require higher fre 
quency detectors, shorter detector spacings, higher frequency sources, 
and faster sampling rates than are used in oil and gas seismic explora 
tion. Both oil and coal seismics use multi-fold (CDP) methods to im 
prove reflection quality; thus, both require the removal of severe 
statics (Sheriff, 1973 > p. 209) before effective stacking can proceed. 
However, because HR methods demand higher frequencies, small static 
shifts that might be dismissed in standard seismic oil prospecting 
cannot be ignored in HR surveys, for otherwise the stacked result will 
be smeared and thus the needed high frequency arrivals will be lost. 
Much of our coal-seismic research has concentrated on the use of shear- 
wave (S-wave) methods for which, according to Waters ( 1978, p. 95)i 
statics are more pronounced than they are in standard longitudinal-wave 
(P-wave) work; thus, in shear-wave studies, greater attention must be 
given to the determination of static corrections.

Of the three most common techniques of static correction uphole 
time, cross-trace data smoothing, and refraction techniques only the 
latter is used in our shallow (depths limited to about 100 m) coal 
seismic investigations.

Uphole-time methods require shooting beneath the LVL (low velocity 
layer) and they are not used in our research because shotholes are 
expensive to permit and drill; generation, and to a lesser degree  
detection, of SH (shear-horizontal) waves within a borehole are chal 
lenging technical problems; and lastly, use of a shothole drill rig 
defeats one of the objectives of our work: to develop a truly portable 
shallow seismic system that, if need be, can be operated by one person.

Trace-to-trace data smoothing (automatic statics procedures based 
upon various statistical approaches) cannot be used because the only 
seismic horizon that may exhibit reflection continuity in a coaliferous



section is the coal itself and it is the target. Thus, although the 
mathematically elegant automatic statics procedures produce a smoother 
looking seismic section, they may do so at the expense of hiding the 
very features that the coal seismic survey was undertaken to find.

Thus we are left with dependancy on refraction methods to develop 
the needed static corrections. However, because we are forced by field- 
operation, target-depth, and source-strength factors into using short 
spreads, refraction methods can be expected to produce only approximate 
statics ray paths for first arrivals may reach only to the base of the 
LVL and therefore not reveal sub-LVL velocity variations that may con 
tribute to the total static shift. Nevertheless, let us proceed with 
the use of refraction methods to achieve a first cut at the determina 
tion of statics. If, upon inspection of record sections, further static 
corrections seem to be necessary,, then we will have to determine them 
through use of a screen-display interactive procedure, one not included 
in this report.

The field method used in our surface-to-surface, coal-seismic re 
search is a melding of three principal techniques: (1) ABC for determi 
nation of statics, (2) GDP (common depth point) procedures for improving 
signal-to-noise ratios of reflections, and (3) common-offset methods for 
detection of near-surface features.

None of the constituent parts of either our field or computational 
methods can be considered as new. The method of differences (ABC proce 
dure) of determining time in the LVL has been used since the early days 
of seismic prospecting (Edge and Laby, 1931* p« 339-34.1)* Common depth- 
point methods (Mayne, 1956 and 1962), sometimes called common midpoint 
stacking. (CMP), are now standard procedures throughout the seismic 
industry. A seismic field procedure called the "Roll-Along" technique 
(Shock, 1963) for implementation of the CDP concept followed shortly 
after the general introduction of CDP methods. Origins of the common 
offset seismic method rests in the distant past the method seems to be 
one of those that has always been with us, as it is a seismic analog to 
fixed-electrode resistivity methods.

This report is limited to a discussion of the method and programs 
we use to compute static corrections using field data obtained with the 
USGS coal seismic system and a six-fold, two-spread-direction data 
acquisition field procedure.

COMMENTS ON THE PROGRAMS

In order to put the programs of this report to work, the user must 
_,know how to perform the following operations:

1. transcribe the programs into the computer,
2. store the programs on magnetic tape,
3. retrieve the programs from magnetic tape,
4.. enter information from the keyboard, and
5. copy the screen display. 

These tasks are documented in the computer's operator's manuals.

Four control characters (those that require the holding down of the 
control key as the letter is entered) are used in «he programs: G (ring



bell), K (move cursor up one line), L (erase screen and move cursor to 
the HOME position), and the RUB OUT Tmove cursor to the left margin and 
down one line). In the printed listing these control characters are 
shown as G_, K_, L_, and _, respectively.

Computer programs were written in an extended BASIC language deve 
loped by Tektronix, Inc. for use with their 4051 Graphic System. The 
programs require three pieces of Tektronix equipment: a 4.051 Graphic 
System with a 32K-byte memory, a 4.924. digital cartridge tape drive, and 
a 4.631 Hard Copy unit.

All programs are self-prompting. In working through a sample 
problem, notice that the programs print requests and questions followed 
by a flashing question mark. The computer then waits for the user to 
enter a response from the keyboard. Replies entered in order to run a 
sample problem are enclosed in boxes that are hand drawn by the author 
on the figures of this report.

Four programs are required by the computation procedure their 
functions are as follows:

1. enter surveying data,
2. enter first arrivals,
3. compute static corrections, and
4.. plot adjusted first arrivals, ground and LVL elevations, and 

time to datum at each station.

NUMBERING SYSTEM USED IN THE PROCEDURE

The numbering system used in the field and in the programs is based 
on line numbers (LN) and position numbers (PN) of each source point and 
detector within a given area or prospect. If your computer has a larger 
memory or a rapid-access disk system, then these numbers can be used as 
pointers to tell the computer which particular set of data is to be 
retrieved and processed.

Surface position numbers along a line are incremented by two; thus 
all detector PN's along a traverse will be either odd or even. This 
ordering is done so that PN's of reflection points in the subsurface 
will be integers. If, for example, a SP (source point) is at PN 5 and a 
detector is at PN 11, then the reflection point at the midpoint-in the 
subsurface would be at PN 8.

The programs require the entry of the PN interval (the distance 
between successive PN's) so that intervals between any pair of PN's can 
be converted to distance intervals. Because the computer programs use 
PN's as locators, computations are internally independent of a system of 
units. Only at final output to plots or tabulations is the conversion 
to distance units made. A common PN interval in much of our work is 1.5 
m, equivalent to a single-detector group interval of 3 m.

SINGLE-SPREAD ABC METHOD

The equation used to compute the vertical time through the LVL is 
very simple (Sheriff, 1973» p. 1)» a condition that usually implies that 
oversimplifying assumptions have been used. Here we develop the single-



spread ABC equation so as to gain insight into the validity of those 
assumptions upon which the method rests.

Figure 1 shows a single, zero-offset spread of 12 detectors linking 
source points at the ends of the spread. The numbering system shown is 
the same as that used in the programs.

SP 33 37

» 2! 23 23*.'

LVL \\\
\V»  PATH A-   -// U--PATH B--«'//

SUB LVL
PATH C - -

Figure 1 . Sketch to illustrate the single-spread ABC method.

Letting T(A) , T(B), and T(G) be refraction times along the forward 
path A, the reverse path B, and the common path C, respectively, and 
symbolizing the delay time under position N as D(N), then for the 
detector at PN 23 (fig. 1 ) ,

T(A) = I(A)/V1 + D(11) + D(23),

T(B) = I(B)/V1 + D(33) + D(23), 

with a common-path (SP-to-SP) time of

T(C) = KO/V1 * D(11) + D(33). 

Since I(C) = I(A) + I(B) ,

T(A) + T(B) - T(G) = 2 D(23), 

where the delay time at the detector at ?N 23 is" D(23) given by

D(23) = t(23) x cos (A),

(1)

(2)

(3)

(5)

t(23) being the one-way vertical time in the LVL at PN 23 and A the 

critical angle, which from Snell's law is

A = arc sin (VO / 71). (6) 

Letting



K = 0.5 / cos(A), (7) 

then

t(23) = K (T(A) + T(B) - T(C)). (8)

If the crossover distance (Sheriff, 1973, p. 4.1) was equal to three 
detector positions, six PN's, then the single-spread ABC method could be 
used to find the time in the LVL at PN 17 through PN 27, but not at the 
other six detectors.

The following observations on the single-spread ABC can be made: 
1 . a single layer with an undulating top surface overlying a semi-

infinite half space is assumed   a highly restrictive assumption,
2. spreads must be shot in two directions (forward and reverse), 
3- detectors must be positioned at the SP's to find T(C), and   
4. computation can be made only for those detectors whose -offsets

are equal to or greater than the crossover distance.

In practice, ml nor variations in elevations of the base of the LVL 
can be tolerated. But if a pronounced velocity gradient is present, ray 
paths will be curved and their penetration a function of offset result 
ing in the ABC method producing incorrect results (Waters, 1978, p. 
143). Full discussion of this effect and the partial compensation that 
may obtain when six, spread-shifted (different offset) ABC computations 
are made at each interior station is beyond the scope of this report.

If the use of the ABC method is accepted, the user also accepts the 
fundamental limitations implicit in point 1; however, by design, of the 
field procedure, much can be done about points 2 through 4   as discussed 
in the next section of this report.

MULTIPLE-SPREAD ABC METHOD

The computation procedure of this report requires that data be ob 
tained with common offset spreads s"hot fro~m two directions (forward and 
reverse) and that the offsets on the forward and reverse spread differ 
by one detector interval. In addition, the maximum offset must be equal 
to or less than the distance between the first and last detectors. 
Tests on the offset conditions are made within the computer program. As 
we use the terms, a forward spread is one for which the PN of the 
shotpoint is less than the PN's of the spread; a reverse spread is one 
for which the PN of the SP is greater than the PN's along the spread.

Choice of how much offset to be used is dictated by the results of 
wave tests (also called walkaways or noise tests). Generally the 
offsets range from 21 to 30 m in our shallow-coal investigations; thus, 
no detector is at the active-SP position at the time a particular spread 
is shot. However, as the SP/spread array is repeatedly shifted by two 
group intervals down the traverse, eventually a detector will occupy the 
position of this shotpoint (Waters, 1978, p. 143). This is the basis 
upon which the method is developed.

Figure 2 shows seven positions of a single SP-spread-SP array as if
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Figure 2. Sketch to illustrate multipie-spread ABC method. SP's are 
shown by squares. Segments of cables containing takeouts connected 
to the seismograph through a roll-along switch are shown by a 
double line; for example, for spread C, the last eight takeouts on 
cable 1 and the first four on cable 2. Numbering system is the 
same as that used in the illustrative example presented later. Only 
PN's of SP's and detectors geraain to the discussion are labeled.



it were shifted along the traverse. In field practice, however, two or 
more cables are used, and array shifting is accomplished by use of a 
roll-along switch or a patch panel. Numbering on figure 2 is the same 
as in the illustrative example later in this report.

Let us first consider finding the vertical, one-way time in the LVL 
at PN 47. As in the development in the preceding section, T(A) is the 
refraction time on the forward spread (SP at PN 11 to detector at PN 47, 
SP at PN 15 to detector at PN 47, and so on until SP at PN 31 to detec 
tor at PN 47); T(B) is the refraction time on the reverse spread (start 
ing at SP at 63 and ending at SP at 83 all into the detector at PN 47). 
Thus 12 refraction paths lead to the detector at PN 47.

To complete the ABC calculation, we also need T(C) the SP-to-SP 
refraction time an arrival-that does not appear on any individual 
record. We can find T(C), however, if we can be patient and wait until 
the fifth and sixth arrays are shot (labeled E and F on fig. 2), then we 
can get the forward refraction time difference between arrivals at PN 63 
and PN 47. If we add the average of these two time differences to the 
time from SP at 11 to detector at 47, we can determine T(C) for the 
first (A) array. Similarly, we can find the SP-to-SP time for the 
second (B) array by adding the average of the PN 67/PN 51 time dif 
ference found from the F and G arrays to the refraction time from the SP 
at PN 15 to the detector at PN 51.

Because the reciprocal times from SP to SP should be equal, from 
array E onward we should be able to compute T(C)'s by use of the same 
scheme as described above applied to the reverse as well as to the 
forward spreads. After the systematic pattern of taking data is estab 
lished, we will have four values of SP-to-SP time, T(C), to average in 
this example two from the forward and two from the reverse spreads. In 
addition, we will have six determinations of static corrections for each 
of what we call the interior points those for which the full, statisti 
cal power of the prodecure is operative.

Let us now consider the determination of the vertical time in the 
LVL beneath the first four shotpoints (SP's at PN's 11, 15, 19, and 23   
as shown on fig. 2). A similar procedure would be applied to the 
trailing four shotpoints.

Referring to spreads D and E on figure 2, note that from previous 
application of the ABC method, we know the delay times under PN's 27, 
37, and 41   Thus we can compute the horizontal time in the sub LVL from 
PN 27 to PN 41, symbolized by T(41/27), from the equation

T(27/41) = T(A) - DUD - D(27), (9)

where T(A) is the refraction time from the SP at PN 27 to the detector 
at PN 41 and where D(N) is the delay time under PN(N). Now let us 
assume, as permitted by the two-layer assumption, that the horizontal 
time in the sub LVL from PN 23 to PN 37 equals that from PN 27 to PN 41; 
thus 1(23/37} = T(27/4.1). Therefore the delay time under PN 23 would be 
found using

D(23) = T(A) - T(27/4.1) - D(37), (10)



where T(A) is now the refraction time from the SP at PN 23 to the detec 
tor at PIT 37. Upon of the application of the K factor as defined in (7) 
to the delay time, the vertical time in the LVL under PIT 23 would be 
obtained.

Using a similar approach, vertical times in the LVL under all the 
other SP's can be computed.

STATIC CORRECTION TO DATUM

Once the vertical time in the LVL at each PN is determined and the 
elevations at each PN and the elevation of the fixed datum entered, then 
the static correction is computed by summing the time to datum at each 
SP and each detector at each spread. The program assumes a fixed (con 
stant elevation) datum. If you require the use of a sloping or other 
type of reference datum surface, you will have to change the datum 
elevation (E3 in the program) from a numeric to an array variable and of 
course make provision to fill that array.

As we use the term "static corrections" we are considering the 
total strip-off times to datum, not just the time variations in the LVL. 
For example, the static correction for the detector at PN 25 on spread A 
as shot from the SP at PN 11 would be 3(11,25) given by the sum of the 
datum time at the SP:

t(H) + (E(11) - V(0) x t(11) -E(d)) / V(1), (11) 

and the datum time at the detector:

t(25) + (E(25) - V(0) x t(25) - E(d)) / V(1), (12}

where for the station at PN number N, t(N) is the one-way vertical time 
in the LVL and E(N) is the elevation, V(0) is the LVL velocity, V(1) is 
the velocity in the sub LVL   sometimes called the datum velocity, and 
E(d) is the elevation of the fixed datum. Details of this computation 
are given in most seismic exploration texts; for example, Telford and 
others (1976, p. 353-356).

LOGICAL UNIT OF WORK

The logical unit of work in the field consists of two cable layouts 
bracketed by six forward and six reverse source points as illustrated by 
arrays A through F on figure 2. This basic work unit was designed so 
as to make the most efficient use of a small-complement field crew 
operating with surface sources, a 12-charmel signal -enhancement seismo 
graph, and cables with 12 takeouts. ~-

The quantity of records taken in the basic unit of work depends 
upon the types of sources and detectors used. If only P-wave recordings 
are made (vertical impact with hammer or "shotgun" source and vertical- 
component detectors), then 12 records are taken; if only one set of S- 
wave recordings are made (horizontal source struck in two directions and 
horizontal-component detectors), then 24. records are taken; if a five- 
source set of recordings are made   vertical hammer into vertical detec 
tors, radial source (two directions) into radial detectors, and trans-



verse source (two directions) into transverse detectors, then 60 records 
are taken; and finally if a full set of data are taken (six source 
excitations into three-component detectors), then 216 records are made  
even more if one also decides to rotate the shear souces incrementally. 
Clearly, judgment must be exercised in planning field work particularly 
if YOU are to be the one-person field crew.

The data entry programs also were designed to conform to logical 
units of work. Two programs are required to enter data: one for area, 
line, spread, and elevation data (surveying data); one for seismic- 
record data (first arrival data). This separation of data-entry pro 
grams follows the natural division of labors in the field.

DISCUSSION OF PROGRAM TO CORRECT AND ENTER SURVEHNG DATA

Correction and entry of surveying data is illustrated by the exam 
ple shown in figure 3» The program begins by asking you if you want to 
correct existing data. Because in this report no data have as yet been 
entered, let us defer a I response. Next you are prompted to enter the 
area information and line number, and then asked if you want to add 
cables to the line let us answer with an N. The spread information 
entered on figure 3 is that required for the A through F spreads shown 
in figure 2. Finally you enter the elevations for each PN at and 
between the first and last source points (SP 11 and SP 87 respectively 
in this example). In order to save space on the magnetic tape, eleva 
tions are stored as a single-variable array; for example, E1(1) is the 
elevation at PN 11, E1(2) is the elevation at PN 13, and so on.

After elevations are entered, you are asked if you want to tabulate 
and plot them. The results of I answers are shown on figures Lf and 5«

After viewing and then clearing the screen, you- are asked if you 
want to accept the elevations as entered and in which file you want the 
data stored (fig. 6).

Usually topographic surveying is completed before the line is shot. 
However, after a line of data is interpreted, it may be deemed necessary 
to add stations or cable positions to the line. Negative PN's are 
allowed.

To show how stations are added both to the beginning and end of the 
line, let us assume that the original line extended from PN 11 to PN 87, 
as in figure 2., and that we now want to extend the coverage using one 
additional cable position tacked onto both ends. Thus, first and last 
SP's on the extended line would be at PN -13 and PN 107 respectively.

Figure 7 shows an example of how the program is used to add survey 
ing data to the beginning of the line.

After the area identification and line number are entered, you are 
asked if you want to add cables to the line. Upon replying with a I, 
you are asked if you want to add to the beginning of the line let us 
answer with I. Thereupon you are prompted to enter the number of the 
file containing the original segment of the line in this case, file 21. 
Next you are asked to enter the number of cable position to be added.



CORRECT AMO'OR ENTER SURVEYING DATA FOR S-FOLC-, 2-WAY STATICS PROCEDURE 

DO YOU UAMT TO CORRECT EXISTING DATA? <Y OR tl> ®

AREA <24 char> 
LINE NUMBER

ILLUSTRATIVE EXAHPlEJ

DO YOU VMMT TO AOO CABLES TO LINE? <Y OR H> H

12
1.3

NO. OF CABLES 
TAKEOUTSxCABLE 
PM IHT. <HXPN> 
PM OF FIRST SP _mw.
NEAR-DETECTOR OxS^tfR FORWARD SPOS vn> 
NEAR-OETECTOR 0/S FOR REVERSE SPDS <n>

PM OF LAST Sl» - 37

PM OH

13
13
17
19
21
23
23
27
29
31
33
33
37
39
41
43
43
47
49
31
33
33
37
S9
«l
£3
£3
£7
 3
71
73
73
77
79
31
33
33
37

tUMO E 
15775
187.2
186.3
186.1
186.1
186.2
186.2
186.2
186.3
186,3
196.3
196.3
196.9
197.1
197.3
186
189.3
199.1
199.7
119.2
119.7
111.1
111.1
111.3
111.2
lit
111
119.3
199.7
198.3
198
197.4
186.3
196.3
196.3
186.3
196.3
186.3
197.3

DO YOU UAHT TO TABULATE ENTERED OATA7 lY OR
DO YOU UAHT TO TABULATE 0« PRINTER? (Y OR M>IH I

Figure '3. Copy of screen display showing entry of surveying data-

AREA: ILLUSTRATIUE EXAMPLE LINE NUMBER: 3
HO OF CA8L£S*2i TAKEOUTS/CH6LEM2, HO OF STA-33 
PN IHT <MXPN>»1.5, FIRST SP PM-11, LAST SP PH*87 
NEAR SEIS 0/S FOR FORWARD SPD <n> » 21 
NEAR SEIS 0x3 FOR REUERSE SPD <n> * 24

SURFACE ELEUATIOHS:
PN 
11 
19 
27 
35 
43 
51 
59 
57 
75 
33

ELEU 
137.6 
196.1 
196.3

198.5
110.7
111.2
189.7
186.3
186.5

PN 
13 
21 
29 
37 
43 
53 
51 
59 
77 
35

ELEU 
137.2
186.2
186.3
187.1
189.1
111.1
111.8
183.3
186.3
186.3

PM
15
23
31
39
47
55
53
71
79

ELEU
186.5
186.2
186.3
187.5
189.7
111.1
in.a
188.8
186.3
187.3

PN 
17 
25 
33 
41 
49 
57 
65 
73 
31

ELEU 
186. 1 
186.2 
136.9 
133.8 
113.2 
111.3 
118.3 
137.4
186.3

DO YOU UAHT TO PLOT ELEUATIOHS? <Y OR N> (YJ

Figure 4.. Tabulation of surveying data for a logical unit of work,

10



1UUSIRATIUE EXAMPLE, LIKE 3 FROM PH tl TO Pit 6? 
HIM £L£U-ldo.l AT PH \? AND HAX ELEU-lll.3 AT PH 37

Figure 5- Plot of elevations for logical unit of work.

00 YOU WANT TO ACCEPT ENTERED ELECTIONS? 47 Oft N> [7]

FILE NUMBER » glj

REQUIRED FILE SPACE   78*

IS RESERVED FILE SPACE SUFFICIENT? ^Y Oft H> 0

IHSEftI DATA TAPE IU 4924

A8E YOU READY TO PROCEED? <V OR M> 0

PROGRAM COHPLETED

Figure 6. Copy of screen display showing program segment to correct and 
store surveying data.

CORRECT AMO'-OR ENTER SURUEYIHG DATA FOR o-FOLD. 2-HAY STATICS PROCEDURE 

DO YOU MAHT TO CORRECT EXISTING DATA? (Y Oft H> (771

AREA «24 char*   iT^UITTRATt ME "EXAMPLE"]
LINE NUMBER

:gpsj
DO YOU KANT TO ADD CABLES TO LIME? (Y Oft H> QH
DO YOU MAN! TO ADD CABLES TO BEGINNING OF LI HE? <Y OR H> JYJ

INSERT DATA TAPE IN 
NUH8ER OF FILE CONTAINING OLD UALUES » (ill 
HUH8ER OF CA8LES TO BE ACOED " |T] ~~ 

H«w Pll otf rtrsk SP   -13

PN
-13
-II

-5
-3
-I
I
3
3
7
9

gLEM 
T897T
ta$.a 

ltd

109.4 
IB*.3

10913 
I OB. 9 
183.3

CO YOU UANT TO TABULATE ENTERED DATA? IY OR 
00 YOU UANT TO TABULAIE ON PRINTER? (Y OR M;

Figure 7. Example of surveying data added to beginning of the line
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The program then prints the PN of the new first SP on the screen and 
then prompts you to enter elevations for the added position numbers.

Upon entering the last of the elevations of the appended PN's, you 
are offered the options of tabulating the input data (fig. 8) and making 
a quick plot of the elevations along the total line (fig. 9). The plot

AREA: ILLUSTRATIUE EXAMPLE LINE NUMBER: 3 
HO OF CABLES-3, TAKEOUTS*'CABLE-12, HO OF STA-51 
PN INT <Mx'PN>-1.5, FIRST SP PN 13i LAST SP PN-37
NEAR SETS O^'S FOR FORWARD SPO <H> « 21 
NEAR SEIS OxS FOR REVERSE SPO <«> « 24

SURFACE ELEVATIONS:
PN 

-13 
-5 
3 

11 
13 
27 
35 
43 
51 
59 
67 
75 
83

ELEV
189.6
18^. 9
189.3
187.6
186.1
186.3
186.9
188.5
118.7
111.2
189.7
186.3
186.5

PN
-11
-3
5

13
21
23
37
45
53
61
69
77
85

ELEV 
189.8 
183.4 
108.3 
187.2
186.2
186.3
187.1
189.1
111.1
111.8
183.3
186.3
186.3

PN
-9
-I 
7

15 
23 
31 
39 
47 
55 
63 
71 
79 
37

ELEV 
118.9 
189.5 
183.3 
186.5
186.2
186.3 
187.5 
189.7 
111.1 
111.8 
18S.8 
186.3 
187.3

PN
-7

1
9
17 
25 
33 
41 
49 
57 
65 
73; 
81

ELEV 
189.9 
189.4 
187.9
186.1
186.2
186.9
188.8
118.2
111.3
118.3
187.4
186.3

DO YOU WANT TO PLOT ELEVATIONS? <Y OR N> |Yj

Figure 8. Tabulation of surveying data after one cable position was 
added to the beginning of the line.

ILLUSTRATIVE EXAMPLEi LINE 3 FROM PN -13 TO PN 87 
HIN ELEV-183.3 AT PN 7 AND MAX ELEU-111.3 AT PN 57

Figure 9. Quick plot of elevations as entered on figure 7,
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can be scanned to see if patent elevation errors have been entered; the 
tabulation can be scanned to locate the particular incorrect entry. In 
the sample of data entry (fig. 7) a wrong value (indicated by the arrow) 
was entered so that the correction procedure could be illustrated.

Figure 10 illustrates how a wrong entry of an elevation is cor 
rected and how data are to be filed when the current file is too small.

00 YOU WANT TO ACCEPT ENTERED ELEVATIONS? <Y OR M> fTTI
PN at elevation to be changed * IT} 

Old value * 103.8 ^ 
New value * |J08.Jl ,_,

DO YOU WANT TO CHANGE ANOTHER ELEVATION? <Y OR N> g]

FILE NUMBER »[22]

REQUIRED FILE SPACE » 996

IS RESERVED FILE SPACE SUFFICIENT? <Y OR N>[R]

INSERT DATA TAPE IN 435I

ARE YOU READY TO PROCEED? CY OR N> [7J

INSERT DATA TAPE IN 4924

ARE YOU READY TO PROCEED? <Y OR N> ffl _ 
DO YOU HANT TO ADD CABLES TO END OF LINE? <Y OR N> fRl

Figure 10. Example showing procedure to correct entered elevations

After those data from the appended line are filed, you are asked if you 
want to add cable positions to the end of the line. If you reply with 
an N (as was done in this example), then the program ends; if you enter 
a I, then the program returns to that point immediately after where you 
had entered area and line information.

Let us now trace through the surveying data program to see how 
elevation data are added to the end of an established line. Figure 11

CORRECT AMD -OR ENTER SUR"EYIMC DAT* FOR fi-FGLOi 2-MAY STATICS PROCEDURE 

00 YOU UANT TO CORRECT EXISTING DATA? <Y OR U.» [JT]

AREA <2* char) 
LINE NUMBER

f IL 
UP

DO YOU HAMT TO ADO CABLES TO LIME? <Y OR N> S3
DO YOU HAWT TO ACD CABLES TO BEClHIifNu Of LIME? (Y OR N>Qj]

INSERT DATA TAPE IN 4924 , __ , 
HUH8ER Of FILE CONTAINING OLD UttLUES * \Z2\ 
HUHBER OF CABLES TO BE aDDEO « |Q 

H«w PM of U*t SP » |TuJ ^ ^

PN CRO
3d
31
93
33
97
99
iai
183
IBS
IB?
IBS
111

VSS:?
189.1
ltd
lld.4
Idd.a
ida.d
lll.l
111.2
III. 3
Itl.l
ill
lid, 9

OO YOU UMir TO TABULATE ENTERED DATA? <Y OR 
DO YOU UMIT TO TABULATE ON PRINTER? (Y OR N)f

Figure 11. Example showing surveying data added to the end of a line
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is a screen copy showing an example of how these data are to be entered. 
The routine is essentially the same as for appending data to the begin 
ning of an existing line except that new PN of the last SP is computed 
and printed rather than the new first SP.

A tabulation and plot of the data entered in figure 11 are shown on 
figures 12 and 13 respectively, following which is a copy of the screen

ARE*: ILLUSTRATIUE EXAHPLE LINE HUH8ER: 3
HO Of CAOLE5-4, TAKEOUTS-CABLE-12, HO OF STA-63
PM IMT <M/PM>«1.S, FIRST SP PH 13, LAST SP PH-lll
H Aft SEIS O'-S FOR FORWARD SPO <H> » 21
HEAR SEIS 0x5 FOR REVERSE SPO >H>   24

SURFACE ELEMATIOMS:
PM

-13
-3
3

tl

33 
43 
Si 
39
£7 
73 
S3 
91 
99
107

DO YOU UANT TO PLOT ELEVATIONS? <Y OR

ELEU
109.6
109.9
109.3
107.0
106.1
106.3
106.9
100.5
110.7
III. 2
109.7
106.0
106.3
109.1
110.9
111.1

PH
-11
-3
5
13
21
29
37
43
33
ol
 9
77
as
93
101
109

EL EM
109. a
109.4
100.9
107.2
106.2
106.3
107.1
109.1
ill.!
111.0too. a
106.3
106. a
110.0
111.1
111.0

PH
-9
-1
7

13
23
31
39
47
33
63
71
79a?
95
103
111

ELEM
110.0
109.3
100.3
106.3
106.2
106.3
107.3
109.7
111.1
111.0
100.0
106.3
107.3
110.4
111.2
110.9

PH
-7

1
y
17
23
33
41
49
57
S3
73
81
89
97
103

ELEU 
109.9 
109.4 
107.9
106.1
106.2
106.9
100.0
110.
111.3
110.3
107.4
106.3
100.3
110,a
111.3

Figure 12. Tabulation of surveying data showing complete line after 
adding a cable position to the end of the existing line.

1LLU3TRAT1UE EXAMPLE, LIKE 3 FROH PH -13 TO PH 111 
KIN ELEU-106.I AT PU 17 AND MnX ELEU-111.3 AT PH 37

Figure 13'. Elevation plot for the entire line after adding one cable 
position to the existing line.
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display (fig. 14) of the procedure used to store these results.

DO YOU WANT TO ACCEPT ENTERED ELEVATIONS? <Y OR H>ffl

FILE NUMBER »I"2T1

REQUIRED FILE SPACE * 1324

IS RESERVED FILE SPACE SUFFICIENT? <Y OR N> 0

IHSERT DATA TAPE IN 4924

ARE YOU READY TO PROCEED? CY OR H>[7]

PROGRAM COMPLETED

Figure 14« Example showing procedure to store appended line of data.

Figure 15 is an example of the procedure used to correct existing 
surveying data.

CORRECT AND/OR ENTER SURVEYING DATA FOR S-FOLD, 2-WAY STATICS PROCEDURE 

DO YOU WANT TO CORRECT EXISTING DATA? <Y OR H>fT]

INSERT DATA TAPE IN 4924 __,
NUMBER OF FILE CONTAINING OLD VALUES »f2TI
PN at elevation to b< changed * (T5]

Old value » 195.6  
New va1ue » 1196.5) ,_.

DO YOU WANT TO CHANGE ANOTHER ELEVATION? (Y OR N> j]T]

DO YOU WANT TO ENTER NEW ELEVATIONS? <Y OR H> |S] 

PROGRAM COMPLETED

Figure *\5* Example showing procedure to correct surveying data. 

DISCUSSION OF. PROGRAM TO CORRECT AND ENTER FIRST ARRIVALS

The program begins by asking if you want to correct existing first 
arrival data. Next, entry of a sufficient amount of location data is 
requested so that when the elevations and first arrival data tapes are 
entered into the statics-computation program, verficiation can be made 
by the program that both groups of data are from the same line in the 
same area. First arrival times on six forward spreads followed by first 
arrival times on six reverse spreads then are entered. After the input 
data are tabulated (optional), they are stored on magnetic tape.

Each first arrival data tape allocates space for 12 sets of first 
arrivals, -ar number representative of a logical unit of work (LOW) as 
previously discussed. Note on figure 2 that spread G is shot wholly into 
the cable 2 position. After spread F (the last spread in a LUW) has 
been shot, the cable occupying the cable 1 position can be picked up and 
moved to the cable 3 position beginning at PN 73 (fig. 2).

What happens if a logical unit of work has not been performed? And 
this well can happen; for example, assume spread G on figure 2 is the 
last spread on the line. Also, instrumentation failures necessitating 
cessation of field work have been known (at least in our work) to occur.
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These two interruptions are handled differently. If field work has been 
halted temporarily, then you wait until work is resumed and enter the 
data after a logical unit of work has been accomplished. If the end of 
the line is reached before a full logical unit of work has been shot, 
you reply to the question: "Has a logical unit of work been shot?" with 
an N; enter the number of spreads shot, as prompted; and then proceed to 
enter what data you have taken the program will assign zero values to 
fill the remaining allocated space within the dimensioned arrays.

Figure 16 is a copy of the screen display showing an example of

CORRECT AND'OR ENTER FIRST ARRIUAL DATA FOR S-FOLO, 2-UAY STATICSNOTE: LOGICAL UNIT OF MORK auu> REFERRED TO IN THIS PROGRAM
CONSISTS OF RECORDS TAKEH USING TUB, 12-TAKEOUT CABLES 
SHOT FROM SIX FORUARO AM) SIX REVERSE SOURCE POINTS.

OO YOU tMHT TO CORRECT AN EXISTING F8 DATA TAPE? <Y OR H> fTTj

ARE* <24 char> 
LINE NUMBER

MAS A UOGICAt UNIT OF WORK PERFORMED? <Y OR IO 7

PU IMT. Ci*/PN> « (T75~| 
PN OF FIRST 51» « bi3
NEAR-TRACE OxS FOR FORWARD 3POS VM> »[2T| 
HEAR- TRACE OxS FOR REUERSE SPDS <H> » 24 
PN OF CAST SP   33    '

ARE YOU READY TO PROCEED? <Y OR H) |T|

SPREAD FROM PN:1 TO 21

{<i*l. TIMETRACE
1o
3
4
3
»
7
^
5
10
11
12

PH
1
3
3
7
j
11
13
13
17
13
21
23

OFFSET FIRST AgRJu*
21
24^7
38
33
3tf
39
42
43
48
31
34

147?
3d. 2
48.3
42. £
43.147. a
38. a
34.3
33.3
33.3
*2.d
 7.2

Figure 16. Example of first-arrival entries.

data as entered into the first arrival data entry program. In this 
sample, only data for the first spread (PN 1 through PN 23) as shot from 
the SP at PN -13 are shown.

After first arrival data are entered, you are asked if you want to 
tabulate what you have entered. If you reply with a'I, you are given 
the choice as to whether you want to tabulate on the printer or on the 
screen. A printer is not included in the list of the equipment required 
to run the programs of this report. However, its use will speed the 
operation of the programs and will save space in presentation of results 
of this report. Figure 17 is a reduced copy of the two screen displays, 
combined here on one page, to show a tabulation of the data entered for 
the first logical unit of work for the illustrative example.

Finally, you are given instructions and prompts (bottom of fig. 17) 
for storage of first-arrival data on tape. After storing, the program 
reads the tape to check on the retrievability of what was written on it.

16



AREA<A*>: ILLUSTRATIUE EXAMPLE LI HE MUH8£R<L0>: 3
HO Of SPOS«<», NO OF TRACES* 12. HO OF STA»37
PN IHT<P«>-1.3, FIRST 3P PH<P1>«-13, LAST SP PM-S9
HEAR SE1S O'S FOR FORWARD 3PD >X3>   21
HEAR SEIS OxS FOR REUERSE SPD (X4>   24

FIRST ARRIOAL TIMES FOR FORWARD SPREADS 
SP9P14 -13 SPREAD FROH PH I TO 23; TlCl.JO

34.7 38.2 40.3 42.£
43.1 47.a 38.£ 34.3
93.9 39.3 £2.3 £7.2 

SP9PM -9 SPREAD FROM PH 3 TO 27} TK2,X>
34.3 36.a 39.3 42.£
44.a 47.3 38.1 34.3
37.d Ql.a £4.3 £7.2 

3P«PM -3 SPREAD FROH PH 9 TO 311 TK3,X>
33.3 36.8 38.a 42.£
44.1 47.4 St.a 34.3
38.3 £1.2 £4.8 £7.2 

SP«PW -1 SPREAD FROM PH 13 TO 33t Tl<4,X>
32.1 34.£ 37.4 42.£
44.3 48.3 31.5 34.3
37.3 £l.a t»4. a £7.2 

SP*Ptt 3 SPREAD FROM PH 17 TO 39{ TK3.X>
38.9 34.2 37.7 42.£
43.1 48.a 3d.3 34.3
37.3 £a.S £3.3 £7.2 

SPtPM 7 SPREAD FROH PH 21 TO 431 Tl(o.K>
38.2 34.2 37.£ 42.£
43.2 46.9 49.9 34.3
36.3 39. & £3.a £7.2

FIRST AftftfUAL TIMES FOR REVERSE SPREADS 
SP«Ptt 39 SPREAD FROM PH 1 TO 23) T2<1,X>

69.6 £7.2 £3.3 39.£
3».1 32.7 49.£ 4o.a
42.9 48.2 37.7 33.a 

SP9PM 43 SPREAD FROH PH 3 TO 2?J T2<2.X>
70.a £».3 £2.a 39.4
3i.3 32.7 49.£ 4£.»
44.4 42.3 39.a 3£.£ 

SP9PM 47 SPREAD FROM PH 9 TO 31i T2<3,X>?a,a £ .» »3.s £a.a
3£.a 34.1 31.£ 49.7
47.a 43.9 4*.7 38.4

SP«?H 31 SPREAD FROM PN 13 TO 33I T2<4,K>
79.3 »7.a £3.3 £1.2
38.7 36.7 34.1 38.3
47.7 43.4 . 42.4 39.4

SP9PM S3 SPREAD FROH PH 17 TO 39f T2v5,X>
ad.3 £7.2 £4.7 £2.7
£8.1 36.3 33.7 31.4
48.4 43.4 42.a 48.1

SP«PH 39 SPREAD FROH PH 21 TO 43I T2<£tX>
79.3 £d.4 £3.7 £2.3
39.4 37.1 34.1 31.1
48.4 43.a 43.1 48.3

1X1 YOU MAHT TO CHANCE AM gMTEREO F9 TIME? <Y OR IO [HJ

FILE MUH8ER   f*Tl
REQUIRED FILE SPACE " 1835 r _ 
IS RESERUED FILE SPACE SUFFICIENT? <Y OR M) ff] 
INSERT FB DATA TAPE IM 4924

AfiE YOU READY TO PROCEED? <Y OR M)S 

PROGRAM CiiHPlETED

Figure 17. Tabulation of first arrivals for first logical unit of work.

Figures 18 and 19 show the first screen displays and tabulations of 
first-arrival data entered for the second and third logical work units 
used in the illustrative example.

Figure 20 shows examples of the procedure used to correct previous 
ly entered first arrivals. This program segment would have been brought 
in if you had answered the first question of the program with a I.



CORRECT AHO-'OR ENTER FIRST ARRIUAL DATA FOR 6-FOLDt 2-HAY STATICS 
NOTE: LOGICAL UNIT OF WORK <LUM> REFERRED TO III THIS PROGRAM 

CONSISTS OF RECORDS TAKEN US1HG TWO, 12-TAKEOUT CABLES 
SHOT FROM SIX FQRUARO AMD SIX REUERSE SOURCE POINTS.

DO YOU WANT TO CORRECT All EXISTING FB DATA TAPE? <Y OR H> fiTl

AREA <24 char> «| ILLUSTRATIVE EXAMPLE! LI HE NUMBER «Ul                

UAS A LOGICAL UHIT OF UORK PERFORMED? <Y OR M> (?]

PM INT. <«xPN> « OJl
PH OF FIRST SP « 111 I
HEAR- TRACE OxS FOR FORUARO SPOS v«>
HEAR- TRACE 0>"S FOR REUERSE SPDS <«>
PM OF LAST SP « 33

ARE YOU READY TO PROCEED? (Y OR IO G

24 j

ARCA<A*>: ILLUSTRATIUE EXAMPLE LIHE NUMBER<L3>: 3
HO OF SPOS-6, HO OF TRACES-I2. HO OF STA-37
PM IHT<P9>-1.3, FIRST SP PN<Pl>»tl, LAST SP PH»«3
HEAR SEIS 0x5 FOR FORUARO 3PO (X3> « 21
HEAR SEIS O'S FOR REUERSE SPO <X4> « 24

FIRST ARRIUAL TIMES FOR FORWARD SPREADS 
SP«PN 11 SPREAD FROH PH 23 TO 47» T1U,K>

38.7 33.3 35.4 42. &
43.A 46. a 45.4 34.3
So.1< 39.4 £3.1 £7.2 

SPHPM IS SPREAD FROM PM 29 TO 311 TK2.JO
23.7 33.4 36.4 42.£
42.7 46. d 49.4 34. S
So.4 £8.8 53.3 £7.2 

SPfPH 19 SPREAD FROM PH 33 TO 33J TK3,K>
3A.3 33.3 36.9 42. 
43.« 4e.3 SB.* 34.3
37.a £1.2 £4.7 £7.2 

SP9PM 23 SPREAD FROM PN 37 TO 3dt TU4,K>
32.4 33.a 3d.1 42.o
46.2 49.7 S3.2 54.3
£A.2 £2.7 £3.7 £7.2 

SP«PM 27 SPREAD FROM PH 41 TO £31 TKS.X)
33.3 3o.£ 4d.3 42.£
47.4 .38.9 34.4 34.S
S9.9 £2.3 £4.9 £7.2 

SP«Ptt 3t SPREAD FROM PN 43 TO £71 TU£,K>
34.9 38,.4 -41.9 42.£
48.9 34.1 34.4 34.3
39.4 £2.7 £3.3 £7.2

FIRST AftRIUAl TIMES FOR REUERSE SPREADS
SPtPN £3 SPREAD FROM PN 23 TO 47) T2<1,X>

71.4 £8.2 £3.a £2.7
39.7 So.7 34.1 31.4
48.8 4£.1 43.8 41.3

SP4PN £7 SPREAD FROH PN 29 TO 311 T2<2.K>
78.2 £7.9 £4.9 £1.9
39.2 So.3 33.9 31.2
48.9 46.3 44.0 41.3

SP«PU 71 SPREAD FROH PH 33 TO 33; T2<3,X>
£9.8 £«.8 £4.2 £1.3
38.9 3«.2 S3.9 St. 4
48.9 46.3 44.0 48.3

SP«PM 73 SPREAD FROM PH 37 TO 391 T2<4,K>
71.9 £9.2 £6.£ £3.9
£l.o 39.1 So.7 34.2
SI.7 48.2 43.2 41.3

SP*PH 79 SPREAD FROM PH 41 TO £3; T2'3,K>
74.3 71.7 £9.4 ££.9
£4.4 £1.9 39.4 33.9
32.9 49.£ 43.9 43.2

SPVPN 33 SPREAD FROM PH 43 TO £7; T2\£,K>
74.7 72.2 £9.7 £7.2
£4.7 £1.2 3d.2 34.9
31.2 48.3 43.4 41.7

00 YOU WANT TO CHANGE *M ENTERED FB TIHE? >'Y OR IO IT

FILE NUMBER
REQUIRED FILE SPACE   133 _ 
IS RESERVED FILE SPACE SUFFICIEHT? vY OR IO !Y] 
INSERT FB DATA TAPE IN 4924

ARE YOU READY TO PROCEED? <Y OR H> (7j 

PROGRAM COMPLETED

Figure 18. First page of data entry and tabulation of first arrivals 
for the second logical unit of work.
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CORRECT AMD'-O* ENTER FIRST ARRIUAL DATA FOR £-FOLD. 2-WAY STATICS 
HOTE: LOGICAL UNIT OF WORK «LUU> REFERRED TO IN THIS PROGRAM 

CONSISTS OF RECORDS TAKEN USING TUO, 12-TAKEOUT CABLES 
SHOT FROM SIX FORUARO AND SIX REUERSE SOURCE POINTS.

00 YOU HAMT TO CORRECT AI4 EXISTING F8 DATA TAPE? (Y OR lOflT]

»RLI
LIllE NUH6ER »{_3f 

UAS A LOGICAL UHIT OF UORK PERFORMED? <Y OR H> FT

PM 1HT. <ffP11> » (T75 
PH OF FIRST SP » OS.
HEAR-TRACE O^S FOR FORUARD SPDS <n> *|2i| 
HEAR-IRACE 0>S FOR REUERSE SPDS <H> »|24| 
P1I Of LAST SP » 187

ARE YOU READY TO PROCEED? (Y OR M> (?)

AREA<A*>: ILLUSTRATIVE EXAMPLE LINE MUM8Eft<La>: 3
HO Of SPOS-*, HO OF TRACES-12, HO OF 3TA-37
PN IMT<P«>-1.3, FIRST SP PN<P1>»33, LAST SP PH-187
HEAR SEIS OxS FOR FORWARD SPD <X3> » 21
HEAR SEIS OxS FOR REUERSE SPD <X4> » 24

FIRST AARIUAL TINES FOR FORUARD SPREADS
SP*PN 33 SPREAD FROM PN 49 TO 711 TKl.K)

33.3 39.4 42.9 42. £
48.4 51.1 33.4 34.3
39.3 £1.9 £4.3 »7.2

3P«f»H 33 SPREAD FROM PH 33 TO 73t Tlv2,K>
37.» 4*.1 43.1 42.6
48.1 St.4 34.2 34.3
39.il 51.3 53.2 £7.2

SP«f»N 43 SPREAD FROM PN 37 TO 79| TK3,K>
37.8 44i.S 42. d 42.»
48.3 31.2 33.7 34.3
39.9 «3.9 57.d £7.2

SPWN 47 SPREAD FROM PN t»l TO S3; TK4.JO
38.0 41.3 44.1 42. 
48.9 31.4 33.1 34.3
 3.8 £«.9 78.1 £7.2

STOW 31 SPREAD FROM PH £3 TO 37} TKS.JO
39.2 41.3 44.8 42. i
36.1 34.2 38.1 34.3
£3.1 £7.2 £9.2 £7.2

SP«ftt 33 SPREAD FROM PN £9 TO 31 1 Tl«»,K>
38.8 48.3 44.1 42.£
32.1 33.9 39.1 34.3
£3.2 £3.1 £7.£ £7.2

FIRST AMIUM. TIMES FOR REVERSE SPREADS 
SPtPN 37 SPREAD FROM PN 49 TO 711 T2U.K)

73.£ 71.1 £8.7 £3.1
£2.1 38.8 33.1 32.3
49.3 43.£ 42.1 38.3 

SP«F* 91 SPREAD FROM PN 33 TO 73; T2<2,K>
74.1 78.£ £7.£ £4.3
£8.£ 37.9 34.d 31.1
47.3 44.3 41.7 39.a 

SPHPN 93 SPREAD FROM PN 37 TO 79I T2<3.K>
74.1 78.8 £7.1 £4.3
£1.3 37.£ 34.1 38.3
48.2 4£.3 44.1 42.9 

SP4PI4 99 SPREAD FROM PN £1 TO 33; T2<4,JO
73.3 78.d £7.£ £3.9
£8.4 So.9 34. £ 32. £
38.3 48.4 43.3 41.7 

SP*PH 183 SPREAD FROM PH £3 TO 37; T2<3,K>
73.£ £9.9 So.4 £2.9
£8.£ 38.£ 3£.S 34.4
31.3 47.7 43.£ 39.£ 

SP9PN 187 SPREAD FROM PN £9 TO 91{ T2<£,K)
72.1 £8.3 «o.2 £4.3
£2.1 £8.8 37.2 33.3
49.3 43.2 41.7 38.7

DO YOU WANT TO CHANGE AH ENTERED FB TIME? <V OR M> QT|

FILE HUM6ER » Cjfil
REQUIRED FILE SPACE -1835
IS RESERVED FILE SPACE SUFFICIENT? (Y OR H>m
INSERT FB DATA TAPE IN 4924

ARE YOU READY TO PROCEED? (Y OR H> QQ 

PROGRAM COMPLETED

Figure 19. First page of data entry and tabulation of first arrivals 
for the third logical unit of work.
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CORRECT AMD- OR ENTER FIRST ARRIUAL DAT* FOR 6-FOLD, 2-MAY STATICS

°? R6COROS TAKEN USING TWO, 12-TAKEOUT CABLES 
SHOT FROH SIX FORWARD AND SIX REVERSE SOURCE POINTS.

1° CORRECT Mi EXISTING F8 DATA TAPE? (V OR H>INSERT FB DATA TAPE III 4$i* FILE HO. »L2lJ 
AREA: ILLUSTRATE EXAHPLE LIME NUMBER: 3
DO YOU HAJIT TO CHANCE FB TIME OH FORMAL SPREAD? <Y OR H> 
SPREAD HUHBER v 1 THRU o) MITHIH LUM ^^ 
TRACE IMIH8ER - (o]_ 

  7Old .. 
lUu va I u« ,_, t ,

DO YOU MAIIT TO CHANCE ANOTHER UALUE? <Y OR  ,, , 
DO YOU UAIIT TO CHANGE FB TIHE OH REUERSE SPREAD? <Y OR !!> 
SPREAD NUH6ER <I THRU o> MITHIH UUH > |] 
TRACE NUMBER «O

Old »«lu« » 38A ?
Itau valu« "I32vtl 

DO YOU MAiir TO CHANCE ANOTHER UftLUE? iV OR ll> [Hj

DO YOU MAIIT TO CORRECT ANOTHER FB DATA TAPE?.A? OR H>lY|INSERT FB DATA TAPE IN -»$24 FILE HO. * f2BI l~J 
AREA: ILLUSTRATIVE EXAMPLE LINE NUHBER: 3 
DO YOU UAIIT TO CHANCE FB TIME Oil FORWARD SPREAD? <Y OR M> SPREAD HUHBER <JL*THRU 6) MITHIH LUM »f2]TRACE NUMBER -J"n u-' 

Old valu«
_ 

OO YOU MAHT TO CfiSWuE ANOTHER UAtUC? <Y OR H) QTj

00 YOU MAUT TO CORRECT ANOTHER FB DATA TAPE? <Y OR ll> fill 
DO YOU WANT TO ENTER HEU FIRST ARRIUAL DATA? <Y OR ll> \J±]

PROCRAH COMPLETED

Figure 20. Copy of screen display showing examples of procedure to 
correct stored first arrivals.

Now that the surveying and first arrival data have been entered, 
stored, and corrected, let us use these, values to compute static cor 
rections at each detector position for each spread shot.

DISCUSSION OF PROGRAM. TO _COMPUTE STATIC CORRECTIONS

The program begins by reading a series (three for the illustrative 
example) of first arrival tapes each containing 12 sets of first break 
times one logical unit of work. It then reorders these data to make 
them appear to the computer as if data for the complete line had been 
entered from one data tape. After determining the total number of PN's, 
the program asks for the surveying data "tape to be inserted and then 
reads from it only those elevations that it needs for the computations.

The program then pauses and gives you time to verify that correct 
data sets have been entered. In the illustrative example, as shown on 
figure 21, first arrivals and elevations were all obtained along line 3 
and the line extended from the S? at PN -13 to the SP at PN 107. Note 
that the logical units of work in this example (filed in files 24., 25, 
and 26) begin at SP's whose PN's are separated by a constant in this 
illustrative example equal to 24.. If the surveying coverage had been 
insufficient, an error message would have been printed on the screen. By 
replying with a I to the question as to whether the data sets are in 
agreement you have given the program the signal to continue.

Although the example on figure 21 shows that we have requested a
tabulation of the input data on the printer, in the interest of reducing
the number of pages in this report, let us assume this has been done
(the input data can be found in the previous examples fig. 12 for the
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elevations, and fig. 17, 18, and 19 for the first arrivals), and go to 
the next set of entries.

COMPUTE STATICS USING SIX-FOLD, TWO-WAY PROCEDURE 
NUMBER OF FIRST ARRIVAL DATA TAPES »QQ

INSERT * 1 FIRST ARRIUAL DATA TAPE IN 4924
FILE NUMBER OF II 1 FB DATA TAPE » 1241
AREA: ILLUSTRATIVE EXAMPLE] LIN£:3j^lRST SPiSPH -13j LAST SPSPN 59

INSERT ft 2 FIRST ARRIUAL DATA TAPEW 4924 
FILE NUMBER OF * 2 FB DATA TAPE » (25]
AREA:ILLUSTRATIU EXAMPLE? LiN£:3j FIRST SPSPH uj LAST SPUPN 33
INSERT * 3 FIRST ARRIUAL DATA TAPEIW 4924
FILE NUMBER OF » 3 FB DATA TAPE *\2J}
AREA: ILLUSTRATIVE EXAMPLE? LINE:3;FIRST SPC-PN 331 LAST SPC-PN Id?

TOTAL NUMBER OF SPREADS SHOT » 18

INSERT SURVEYING-OATA TAPE IN 4924 FILE NO. » (27!
AREA:ILLUSTRATIVE EXAMPLE; LIHE:3; FIRST SPtJPN -13; LAST SPfcPN 111

ARE DATA SET.S IN AGREEMENT? <Y OR H) 0

DO YOU WANT TO TABULATE INPUT DATA? <Y OR H> FT! 
DO YOU WANT TO TABULATE ON PRINTER? <Y OR H>|YJ

Figure 21. Screen copy showing first page of entries for the static 
correction program.

Here you are to enter the estimated velocity in the LVL, the esti 
mated velocity immediately below the LVL (the sub LVL), and the assumed 
datum velocity. In the illustrative example these values are 0.5, 1.0, 
and 1.25 km/sec (m/msec) respectively, as shown on figure 22. A full 
discussion of how these velocity estimates are made is beyond the scope 
of this report; however, a brief mention may be in order.

ESTIMATED LVL UEL 
ESTIMATED SUB-LVL UEL 

ASSUMED DATUM UEL 
DATUM ELEVATION

DO YOU WANT TO TABULATE STATIC CORRECTIONS? QL OR N> 
DO YOU WANT TO TABULATE ON PRINTER? <Y OR N>[£]

DO YOU WANT TO STORE STATIC CORRECTIONS? vY OR H> 
FILE NUMBER

REQUIRED FILE SPACE « 112S4

IS RESERVED FILE SPACE SUFFICIENT? <Y OR N>0

INSERT STATIC CORRECTIONS TAPE IN 4924 
ARE YOU READY TO PROCEED? <Y OR H> (?]

PROGRAM COMPLETED

Figure 22. Screen copy showing second page of entries for the static 
correction program.

The best procedure for determining velocities is to run a series of 
downhole velocity surveys to measure the vertical velocites and their 
lateral variations directly. In a coal-development prospect, these data

21



may be obtainable by conducting downhole surveys in exploratory holes at 
scattered locations. If no holes are available, the next best course is 
to determine an approximate evaluation using refraction methods. Here 
you must be aware of severe anisotropy that may exist, particularly with 
shear-wave propagation. Another basic procedure is to view the final 
seismic section and observe if there exists a correlation (negative or 
positive) between the coal-horizon reflections and the topography. If 
the correspondence is untenable geologically, you can rerun the statics 
program with a different set of velocites and then review the new dis 
play of the seismic section.

A tabulation of the static corrections obtained with the velocites 
as entered on figure 22 is shown on figure 23- Here the printer was 
used, the results reduced in size, and both the static corrections for 
the forward and reverse spreads displayed on one page.

After tabulation, static corrections together with information 
needed to plot elevations and adjusted first arrivals are stored on 
tape. Because of the limited memory (32K bytes) of the computer for 
which these programs were written, the computation and plot programs 
were written as separate programs. If the user's computer has a larger 
memory, I suggest that these programs be combined.

DISCUSSION OF PROGRAM TO PLOT ADJUSTED FIRST ARRIVALS, GROUND 
AND LYL ELEVATIONS, AND TIME TO DATUM AT EACH STATION

Figure 24. is a copy of the screen display showing the three sets of 
plots (on one sheet) produced by the last program of this report. After 
inserting the data tape produced by the statics correction program in 
the 4.924. and entering the number of the file in which the'data are 
stored (27 in this this example), you are asked to supply the tickmark 
intervals you want on the plots. To assist you in these choices, dif 
ferences between the minimum and maximum values (to the nearest integer) 
of the quantities to be plotted are printed. However,, before these 
tickmark intervals are entered, let us discuss the quantities that are 
computed and plotted by this program more is shown than the side labels 
(being limited to one size of lettering) of these working plots imply.

The upper set of curves on figure 24. are the adjusted FB's (first 
arrivals) versus' spread distance in meters for each of the 18 forward 
and 18 reverse spreads of the illustrative example. Adjusted FB times 
are those after delay time at the SP and delay times at each detector 
position have been subtracted from the observed first arrival times. The 
inverse slopes of these curves thus equal the horizontal component of 
the sub-LVL velocity. Because in the illustrative example a forward 
modeling program based on the same assumptions as used in the statics 
computation procedure was used to compute first arrival times, the 
plotted adjusted FB's on figure 24. appear with a smoothness and paral 
lelism that you could not expect to obtain with real data. The value of 
this display will become patently evident after you work with real data. 
For example, an incorrect entry of a FB time will be revealed as a bump 
on one of the curves, a change in sub-LVL velocity along the traverse 
will be shown as a set of slope differences, and an occurence of a body 
of limited extent and anomalously low velocity within the LVL will be
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MCA: ILLUSTftftTIVC CXflflPLf LINK NO 2

STATIC CORRECTIONS POR TORUrtRO SPREADS
SP 9 PN -13 SPRSflO Wfln PN i TO 23

1 54. 7 2 57. 9 2 54. 9 -4 55. 1
354. 4 « S3. 9 7 53. 5 9 32. C
9 52.1 10 52.4 ll 52.8 12 53.5

SP 9 PN -9 SPRIflO nan PN 3 TO 27
157. 4 2 34. S 3 55. 5 «4 5*. 8
5 54. 2 (53.9 7 53. 9 3 52. S
9 52. 8 19 53.2 11 53.9 12 54. 2

SP 9 PN -3 SPftsao PROW PN 9 TO 3i
1 54. 4 2 55. 4 3 54. 9 4 54. 3
553.9 « 52. 9 752.5 952.7
9 53.1 19 53.9 11 34. 1 12 54. 1

SP   PN -1 SPRWD PROM PN 13 TO 23-
154. « 2 54. 9 353.5 453.9
5 52.1 « 33. 7 751.9 9 52.3
9 53. 1 19 53.3 11 53.3 12 S3. 2

SP 9 PN 2 SPRMO nan PN 17 TO 29
1 53.4 2 53.9 2 52.5 4 33. «
551.2 «- 33. 4 753.9 3 52. S
9 52.8 19 52.9 11 52.7 12 53. C

SP 9 PN 7 SPRSflO PROM PN 21 TO 43
1 54. 9 2 99. « 3 49. 7 4. 49. 3
5 49. 5 « 49. 9 7 SO. 7 9 SB. 5
9 50,9 19 50.7 11 51.7 12 51.7

SI* 9 PN U SPRCflO PTOH PN 29 TO 47
1 »49. 5 248.5 349.1 449.3
5 48. 9 * « 49. 5 7 49. 7 9 49. 7
9 49. « 19 59. « U 50.5 12 SO. 5

SP 8 PN is SPREAD PROM PN 29 TO si
1 47. 2 2 44. 9 3 47. 9 4 47. 4
540.2 « 40. 4 740.4 8 40. 2
9 49. 2 19 49. 2 11 49. 2 12 49. « 

SP- 9 PN 19 SPRSflO PRCn PN. 33 TO 53
1 44. 5 2 44. 8 3 47. 2 4 47. 9
5 40.2 < 40. 2 7 40. 8 9 49. 9
9 49. 9 19 49. 9 11 49. 4 12 49. 9

Sf 9 PN 23 SPR8» PRCn PN 37 TO 39
1 47. 9 2 40. 4 3 49. 1 4 49. 3
5 49. 3 « 49. 2 7 SO. 2 9 SOL 2
9 SOL 2 19 SO. « 11 51.1 12 32.8

SP 9 PN 27 SPRCflO nan PN 41 TO S3
1 40. « 2 49. 3 3 49. < 4 49. 5
5 49. 4 « SO. 4 750.4 950.4
9 50.9 10 31.2 U 52.9 12 32. «

SP 9 PN 21 SPRWO PROM PN 43 TO S7
150.2 250.4 350.4 4 50.3
5 51.2 C S3. 2 7 51.2 9 Si. <
9 52.2 19 52.9 11 53.5 12 54. 4

SP $ PN 33 SPREAD nan PN 49 TO TI
1 30.4 2 50.4 3 50.2 4 52.2
5 53.2 « 53.2 7 S3. « 8 32.2
9 SZ9 19 33.4 I* 54. 4 12 59.2

SP 9 PN 29 SPROW nan PN S3 TO 73
133.3 2 53.2 352.2 4 52.2
5 52.2 < 52. < 7 53.1 9 53.8
9 54. 4 19 33.4 H 34. 2 12 37. 9

SP 8 PN 43 SPRMO nan PN 57 TO 79
152,5 253.5 253.4 4 S3. *
553.9 « 34. 4 753.9 833.7
9 34; « 10 57. 5 11 SO. 2 12 59. 9

Si* 9 PN 47 SPRSHO nan PN «i TO 83
153. 3 253.2 333.3 433.7
3 54. 2 « 34. 9 7 57. 5 9 SO. 4
9 59. 3 19 SO. 1 11 $0.9 12 Si. 5

S»» 9 PN 31 SPRSflO nan PN a TO 37
1 34. 9 254.9 2 57. 2 4 57. 7
5 50.4 C 59. 9 7 69. 9. 8 SO. 8
9 S3. « .19 «2.2 14 S3: 9 12 S2. «

SP » PN 53 SPREAD nan PN «5 TO ?i
157. 1 257. S 3 38. 9 450,7
5 39. 2 S «. 2 7 Si. 1 8 Si. ?
9 £2. « 19 iS. 2 11 43, 9 12 S3. 2
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Figure 23  Tabulation of static corrections for each record.



PLOT ADJ. FB'S, ELEU, LUL, & STATIC CORR. FOR 6-FOLD,' 2-WAY PROCEDURE 

INSERT DATA TAPE IH 4924 FILE M0."g7] 

SELECT TICKMARK INTERVALS

Elevation difference » 11 
Elevation TM interval «|3|

Total traverse distance » 18Q 
Traverse TM interval » US1

Arrival tine difference a 35 
Arrival tine TH interval a (4J

Static corr. difference » 9L. 
Static corr. TH interval * g]

ILLUSTRATIVE EXAMPLE LINE HO 3 DATUM ELEU » 8Q FILE 27 
SPtSPH: 187

56
32
43

44

40

36

32
23
24

32 
3d 
23 
26 
24 
22

111
L 188
E 18S
U 182

99

13 36 54 183 126 144 162 13d

TRAVERSE DISTANCE IN METERS

DO YOU WANT TO REPLOT WITH NEJ4 TICKMARK INTERVALS? (V OR N> 
PROGRAM COMPLETED

Figure 24. Copy of screen display showing entries required and three 
three set of plots produced by the plot program.



shown as a bulge on all curves whose detector positions overlie its 
central location.

The middle curve labeled "STATICS" is the strip-off time to datum 
at each station occupied by either a SP or detector. Addition of strip- 
off times at the SP and the detector yields the static correction.

The bottom curve labeled "ELEVTT shows the elevation of both the 
topography and the base of the LVL along the traverse. You can think of 
this presentation as a two-layer interpretation of near-surface condi 
tions as revealed by a high redundancy ABC method. Thus, although the 
principal topic of this report is a discussion of the determination of 
first-approximation static corrections, you also should be aware that 
the program can be used to meet other exploration objectives.

After the plots are scanned and copied and the screen cleared , you 
are asked if you want to replot with a new set of tickmark intervals 
(bottom line on fig. -24). If you reply with an N, the program ends; if 
you reply with a I, the program returns to that section of the report in 
which the tickmark intervals are selected.

CONCLUSIONS

The "computer programs of this report when supplied data from a six 
fold, two-spread-direction field procedure can be used to compute an ac 
ceptable set of first-approximation static corrections. In addition to 
their use in determining statics, the data obtained with the field pro 
cedure can be used for shallow-reflection surveying and for location of 
near-surface features through employment of common-offset methods. 
Thus, the programs of this report can be considered to be the first 
step in a total seismic study.
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PROGRAM TO ENTER SURVEYING DATA

100 PRINT "L.CORRECT flND/OR ENTER SURVEVINQ DfiTfl FOR 6-FOLD, 2-WflV ";
110 PRINT "STRTICS PROCEDURE"
120 INIT-
130 DIM fl*<24>,GS<i:>
140 DflTfl 1,1
150 READ 01,02
1S0 REM ** CORRECT EXISTING SURVEYING DflTfl
170 GOSUB 2420
130 REM ** ENTER SPREflD INFORMflTION
150 GOSUB 300
200 REM ** ENTER OR RPPENO ELEVflTlONS
210 GOSUB o00
220 REM ** TPBULfiTE ENTERED DRTR
220 GOSUB 720
240 REM  ** PLOT ELEVRTIONS
230 GOSUB 1130
2S0 REM ** flCCEPT ELEVP.TIONS *NO STORE ENTERED DflTR
^^^ GOSUB 1330
290 PRINT "G.G.G __ PROGRflM COMPLETED"
290 END
380 REM *« SUB: ENTER SPREflO INFORMATION
310 PRINT "__flR£fl <24 chor^ * ";
320 INPUT flS
330 PRINT " LINE NUMBER - ";
340 INPUT L0
3S0 GOSUB 1740
3S0 PRINT "«. NO. OF CP.8LES - ";
370 INPUT Nl
380 PRINT "TflKEQUTS/CflBLE » ";
390 INPUT N2 -
400 PRINT "PN INT. <»^PN> » "-
410 INPUT P9
420 PRINT "PN OF FIRST SP » ";
438 INPUT PI
440 PRINT "NEflR-OETECTOR 0/S FOR FORWflRD SPOS <n»^ » ";
430 INRJT X2
463 PRINT "NEflR-OETECTOR 0/S FOR REVERSE SPOS CnO » ";
470 INPUT X4
480 IF flBS<X3-X4)»2*P^ THEN 318
490 PRINT "G.G-G_OFFSETS MUST DIFFER SV "; 2-P0
300 GO TO 448
318 C9»2*<N2-2?*P0
320 IF X3 flNO X4<-C3 THEN 330
330 PRINT "_ G_G_G-OFFSET<S) TOO LflRGE FOR PROCEDURE   MUST SE <» "; C3
348 GO TO 388
338 P2«P1->'<X3*X4)XP9-».2*<N1'«'N2-1>
558 PRINT " PN OF LflST SP » "; P2
378 N3*8. 3'«'<P2-P1>*1
388 DIM E1<N3)
398 RETURN
088 REM * " SUB: ENTER SLEVflTIONS

o28 
o38
o48 P9-P1-2
538 PRINT " _ PN GROUND ELEV
6 8 FOR J«N7 TO N8
578 P9-P9+2
688 PRINT " "; P9i " ";
o98 INPUT E1<J>
700 NEXT J
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710 RETURN
720 RSM «* SUB: TflBULflTE ENTERED DRTfl
730 PRINT "_DO YOU WflNT TO TflBULflTE ENTEP.ED DfiTfl? <V OR N> ";
740 INPUT Of
750 IF G*-«N" THEN 1140
7S8 PRINT "DO YOU WflNT TO TflSULflTE ON PRINTER? <V OR N> "j
770 INPUT G*
780. IF GS--N" THEN 818
750 U-31
800 GO TO 329
810 U-32
820 PRINT iHI:"L-flR£fl: "; fl*; " LINE NUMBER: ";-L9
338 PRINT iRI:"NO OF CS8LES-"; Nl; "/ TRK£OUTS/Cfi8LE»"; N2j "/ NO OF STfl-"; N3
340 PRINT <*U:"PN INT Cm^PtO*"; P9; ", FIRST SP PN-"; Pi; ". LflST SP PN-"; PS
350 PRINT iHJ:"NEfiR SSIS 0/S FOR FORWfiRD SPO <m> » "; X3
860 PRINT 9U:"NEfiR SEIS 0/S FOR REVERSE SPO (nO » "; X4
870 PRINT 9U:" "
330 PRINT <W :"SURFHCS ELEVRTIONS:"
3S0 N4»lNT<:N3/'4>
900 N5«N3-4*N4
910 IMRCE X> 4<3O, 2X* 40. 0-
920 IMAGE X, (3D* 2X 40. 0,
930 IMAGE X, 2<3D< 2X. 40. D,
940 IMflGE X* 2C3D, 3X, 40. D* 3J<5
950 PRINT 9U:" PN EL£V PN ELEV PN
960 PRINT HU:" PN ,EL£V"
970 P-W.-8-
980 K 3
990 FOR J-l TO N4
1000
1010
1020 PRINT HU: USING 910:P/Ei<K5* P*2* E1<K*U/P*4. El<K+25» P*S* E1CK*23
1030 NEXT J
1040 IF NS-0 THEN 1138 "
1050 IF NS-1 THEN 1880
1060 IF NS-2 THEN 1190
1070 IF N5-3 THEN 1120
1080 PRINT (?U: USING 920: P+9, E1<X>4>
1090 GO TO 1130
1100 PRINT 9U: USIilG 938: P*8-Sl<K*4), P*18, Ei<K*55
1118 GO TO 1130 '  
1120 PRINT &U: USING 940: P+8, EKJO4}, P*10* Ei<}<f5>» P+12, SKK-nS?
1130 PRINT 9U:" "
1140 RETURN
1150 REM «* SUB: PLOT ELEVRTIONS
Ilo0 PRINT "_DO YOU UfiNT TO PLOT ELEVflTIONS? CY OR N> -;
1170 INPUT GS
1130 IF GS-^N- THEN 1320
1190 CSLL "WIN", El, E3, 13
1200 I3»P1*2*<13-15
1210 CflU. "MflX'S El, E4, 14
1220 I4*P1+2*<I4-1;>
1230 WINDOW 1_ N3. E3< £4
1240 VIEWPORT 3, 130. 8, 90
1250 PRINT "L."; flS* "* LINE "; L3i " FROM PN "; PJj " TO PN -; P9
12S0 PRINT "MIN EL£V*"; E3; " flT PN "; 13; " RND HflX SLEV-"; £4; " flT PN "; 14
1270 CRLL "DISP"/ El
1230 WINDOW a* 130* a> 100
1290 VIEWPORT 8, 123, 3, 108
1200 MOVE 3> 3
1218 PRINT
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1329 RETURN
1338 REM ** SUB: flCCEPT ELEVflTIONS flNO STORE ENTERED DflTfl
1340 PRINT "_DO YOU WflNT TO fiCCEPT ENTERED ELEVflTICNS? <V OR N> ";
1358 INPUT G*
1360 IF G*-"V THEN.1300
1370 PRINT "PN at «l«vatvcn to to* chan-»«d » *t
1330 INPUT P6 .
1390 N6-1+0. 3*<P6-P1>
1400 PRINT - Old valu« - *i E1<N6>
1410 PRINT " N«w vala« » "";
1420 INPUT EKN65
1420 PRINT "DO VOU WflNT TO CHflNGE flNOTHER ELEVflTION? <V OR N> ";
1440 INPUT G*
1430 IF G*-"N" THEN 1470
1460 GO TO 1370
1470 IF Q2«l THEN 1300
1400 F0-F2
1490 GO TO 1S30
1300 PRINT rt _FILE NUMBER » ";
1310 INPUT F0
1320 F1»<1+INT< <140+10*N2>^235>)*235
1330 PRINT " REQUIRED FILE SPflCE - "; Fl
1340 PRINT "_IS RESERVED FILE SPflCE SUFFICIENT? <V OR N5 ";
1330 INPUT GS
1360 IF G«*"V" THEN 1610
1370 PRINT "_OJ3_G_INSERT DflTfl TflPE IN 4031"
1330 GOSUB 1690
1390 FIND F0
1600 ttflRK 1^ Fl
1610 PRINT "G-G.G__INSERT DflTfl TRPE IN 4924"
1620 GOSUB 1690
1630 FIND U2:F0
1640 WRITE 12: fl». L3, Nl* N2, N3. P0* Pi* P9. X3. X4, El
1630 PRINT 92-2:
1660 FIND 02:F0
1670 REflD 92: ft*. L3* Nl^ N2, N2* P0, PI* PS. X2* X4, El
1630 RETURN
1690 REM *"  SUB: REflDV TO PROCEED?
1700 PRINT "_flRE VOU REflDV TO PROCEED? <V OR N> ";
1710 INPUT G* '  
1720 IF G*-"N H THEN 1700
1730 RETURN
1740 REM * « SUB: flDO CflBLES TO LINE
1730 PRINT "_DO YOU WflNT TO flOD CflBLES TO LINE? <y OR N5 ";
1760 INPUT GS
1770 IF G*-"N" THEN 1730
1730 PRINT "DO VOU WflNT TO flDD CflBLES TO BEGINNING OF LINE? <V OR N>
1790 INPUT GS
1800 IF GS»"N" THEN 2090
1310 GOSUB 2230
1320 N3»N2+N6
1330 P1»P1-2*N6
1340 PRINT " M«w PN of f U~$t S? » "; PI
1330 DIM E2<N3>
1360 E2*0
1370 K»0
1330 FOR J-N6+1 TO N3
1390
1900
1913 MEXT J
1920 DELETE El
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1539 DIM E1<N3>
Ei-£2
DELETE E2
N7-1 

1570 N8-N6 
1589 GOSUB 649 
1596 GOSUB 728 
2888 GOSUB 1158 
2818 GOSUB 1238 
2828 IF Ql»2 THEN 288 
2828 GOSUB 28S8 
2848 GO TO .288
2838 PRINT "00 VOU WfiNT TO flOO CflBLES TO-END OF LINE? <V OR N? 
2868 INPUT Of 
2878 IF G*»"N- THEN 238 
2888 GOSUB 2288 
2858 01*2 
2188 N3-N3+N6 
2118 P3*P2+2*N6
2128 PRINT " New PN of lost SP » "; P3 
n't* DIM £2<N25 
2148 £2-0 
2138 K*9
21S9 FOR J-l TO N3-N6 
2178 E2<J5-£1<J5 
2138 NEXT J 
2158 DELETE El 
2288 DIM EKN3) 
2218 E1-E2 
2778 DELETE E2 
2238 N7-N3-N6+1 
2248 N8-N3 
2238 P9-P2 
2268 GOSUS 538 
2278 GO TO 1598
2238 REM *" SUB: APPEND CABLES, CCHPION SUB 
2258' PRINT "G.G-G__INSERT DflTfl TflPE IN 4924" 
2388 PRINT "NUMBER OF FILE CONTRINING OLD VflLUES » "; 
2318 INPUT F2 
2328 FIND U2:F2
2328 REflO 92: flS. L8< Nl- N2, N3- P8, PI, P9, X3. X4 
2348 P2-P9 
2338 Din EKN3) 
2369 REHD 92:El 
2378 IF Q2»2 THEN 2429
2388 PRINT "NUMBER OF CflBLES TO BE flODED » "; 
2358 INPUT H6 
2488* Nl»Nl+Ne 
2418 N6-N6*N2 
2428 RETURN
2438 REM ** SUB: CORRECT EXISTING SURVEYING DfiTfl 
2448 PRINT "_DO YOU WflNT TO CORRECT EXISTING DflTfl? <V OR N> "i 
2438 INP'JT GS 
24 8 IF GS-"NM THEN 2338 
2478 02*2 
2486 GOSUB 2259 
2499 GOSUB 1379
2388 PRINT "_ DO VOU UflNT TO ENTER NEW ELEVATIONS? <Y OR N> H i 
2318 INPUT GJ 
2323 IF G*»"N" THEN 233 
2339 RETURN
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PROGRAM TO ENTER FIRST ARRIVALS

190 PRINT "L-CORRECT FIND/OR ENTER FIRST flRRIVRL DflTfl FOR 5-FOLD, 2-WflV"; 
110 PRINT " STflTICS"
129 INIT
130 PRINT "NOTE: LOGICAL UNIT OF UORK <LUW> REFERRED TO IN THIS PROGRAM"
140 PRINT " CONSISTS OF RECORDS TflKEN USING TW0, 12-TRKEOUT CfiBLES"
150 PRINT " SHOT FROM SIX FORWflRD flNO SIX REVERSE SOURCE POINTS. "
150 DATA 6,12,6, 32
170 REflO Ml, N2, N4, U
130 DIM fl*<24>,F*<l3>,GS<l>,S*<l8>,TKNl,N2XT2<Nl, N2>
130 PRINT "_DO VOU WflNT TO CORRECT flN EXISTING F3 DrtTfl TRPE? <V OR, N3 "j
200 INPUT GS
210 IF G*^aNa THEN 350
220 PRINT "G-G-G.INSERT F3 OflTR TflPE IN 4924 FILE NO. » ";
230 INPUT F0
240 GOSUS 2130
250 PRINT <JU:"RREfl: "; fl*; " LINE NUMBER: "; L9
260 GOSUS 1640 .  
270 GOSUS 2090
230 PRINT "_DO VOU WflNT TO CORRECT RNOTHER F3 DflTfl TflPE? <V OR N> ";
290 INPtJT G*
300 IF GS-"N" THEN 320
310 GO TO 220 .
320 PRINT "DO VOU WfiNT TO ENTER NEW FIRST flRRIVRL DfiTfl? <V OR N? ";
330 INPUT G*
340 IF GS-"N" THEN 460
350 REPt ** ENTER SPREfiD INFORMRTION
360 GOSUB 430
370 GOSUB 2170
330 RS1 ** ENTER FIRST flRRIVflL TIMES
390 GOSUS 720
400 REM ** TRSULflTE ENTERED DflTfl
410 GOSUB 1150
420 REM ** CORRECT ENTERED VflLUES
430 GOSUB 1600 '
440 REM ** STORE ENTERED DfiTfl
450 GOSUS 1950
460 PRINT "G-G-G__PRQGRfiM COMPLETED"
470 END
480 REJ1 ** SUB: ENTER SPREflO INFORMflTION
490 PRINT "_flREfl <24 char) » rt ;
500 INPUT ft*
510 PRINT " LINE NUMBER « ";
520 INPUT L9
530 PRINT "_WflS fl LOGICflL UNIT OF WORK PERFORMED? <V OR N> ";
540 INPUT G*
550 IF GS»"VM THEN 580
560 PRINT "NO. OF TWO-WflV SPREADS SHOT » ";
570 INPUT N4
580 PRINT "_PN INT. <n»/PN) » ";
590 INPUT P0
600 PRINT "PN OF FIRST SP » ";
610 INPUT PI
620 PRINT "NEflR-TRflCE 0/S FOR FORWflRD SPDS <m> » ";
630 INPUT X3
640 PRINT "NEflR-TRfiCE 0/S FOR RE^/ERSE SPOS <m) » ";
650 INPUT X4
660 P2»Plf<X3*X4)/P9*2'«<N2-l>-^-'<N4-l>
670 PRINT " PN OF LflST S? » "; P2
680 N3»0. 5*<P2-P1>*1
690 Tl-0
700 T2-0
710 RETURN
720 REM ** SUB: ENTER FIRST RRRIVflL TIMES
730 REM *«  FIRST «RRIVRL TIMES FOR FORWflRD SPREADS
740 P3»P1*X3/P9
750 P4«2*P9
760 P6*Pl-4
770 P7-P3-4
780 P9»P7*2t«<N2-l^
790 FOR J-l TO N4
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3ee P
318 P7-P7+4
329 PS-PSt-4
339 P9-P7-2
348 X1»X3-P4
358 PRINT "L-SP9PN:"; P6; " SPREflD FROM PN:";P7;" TO "; PS
368 PRINT "_TRflCE PN OFFSET FIRST flRRIVflL TIME"
378 FOR K*l TO N2
388 P9-P9+2
398 X1-X1+F4
389 PRINT - "; Ki " ";-P9j " "; XI; " ";
918' INPUT TKJ, IO
929 NEXT K
939 NEXT J
948 REM ** FIRST fiRRIVflL TIMES FOR REVERSE SPREflDS
958 P5-P1+X3/P9+<N2-1>*2+X4/P9
968 POP5 4
979 P7»P3-4
988 PS*P7+2*<N2-1>
999- FOR J*l TO N4
1888 P6-P6+4
1819 P7-P7+4
1929 P3-PS+4
1938 P9-P7-2
1948 X2»X4-KN2-1>*P4+P4
1858 PRINT "L-SPSPN: "; PS; " SPREflO FROM PN: "; P7; " TO "; PS
1868 PRINT "..TRflCE PN OFFSET FIRST flRRIVflL TIME"
1879 FOR K«l TO N2
1889 P9-P9+2
1999 X2»X2-P4
1198 PRINT " "; Ki " "; P9J " "; X2; "
1119 INPUT T2<J, K3
1129 NEXT K
 ""** NEXT J
1148 RETURN
1158 REM *» SU8: TflBULflTE ENTERED DflTfl
11S8 PRINT "_DO VOU UflNT TO TflBULflTE ENTERED OflTS? <V OR N) ";
1179 INPUT G*
1139 IF G*-"N" THEN 1599
1198 PRINT "00 VOU WflNT TO TflBULflTE ON PRINTER? <V OR N) *;
1288 INPUT G*
1218 IF G*-"N" THEN 1239
1229 U~51
1239 PRINT UU:"1_flREfl<fl*> : "; fl*i " LINE NUMBER<L95 : "; LO
1248 PRINT UU:"NO OF SPOS-"; Hit ". NO OF TRflCES-"; N2; ". NO OF STfl»";N3
1259 PRI lJUr-PN INT<P93«"; P9; ", FIRST SP PN<P4)»"; Pi; i«, LflST S? PN-"; P2
1268 PRINT UU:"NEflR SEIS OXS FOR FORWflRD SPO <X3) » "; X3 
.1279 PRINT iKh-NEflR SEIS OXS F9R REVERSE SPO <X4? » "; X4
1238 PRINT UU:" "
1298 PRINT 9U:"FIRST flRRIVflL TIMES FOR FORWflRO SPREflDS" 
.1399 IMflGE 4OX, 40. D5
1318 P3»P1*X3/P9
1328 P6-P1-4
1338 P7«P3-4
1349 PS-P7+2*<N2-1>
1359 FOR J-l TO N4
1368 P««P6*4
1379 P7*P7+4
1338 PS-PS*-*
1399 PRI 9U:"SP<!PN "; PSi " SPREflO FROM PN "; P7; '  TO "; PS; "; Tl<"; J; ", IO 1
1488 FOR <*t TO N2 STEP 4
1419 PRINT SU: USING 1398: Tl< J, IO, Tl< J, K*l>, Tl< J> K*25* TtCJ*
1428 NEXT K
1439 NEXT J
1449 PRINT 9U:" "
1458 PRINT UU:"FIRST flRRIVflL TIMES FOR REVERSE SPREflOS"
1468
1479 P6*P5-4
1488 P7-P3-4
1499
1508 FOR J"l TO
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1513 P6-P6+4
1320 P7»P7+4
1330 P3-P8-M.
1540 PRI 9U:"SPSPN ";P6;" SPREflD FROM PN "; P7; " TO "; PS; "; T2<"; J; "> K5"
1550 FOR K-l TO N2 STEP 4
1560 PRINT 9U: USING 1300:T2<J, K5, T2<J, K+15, T2<J, K*2>* T2<J, X>35
1570 NEXT K
1580 NEXT J
1590 RETURN
1600 REM ** SUB* CORRECT ENTERED VflLUES
1510 PRINT "_DO VOU WflNT TO CHflNGE flN ENTERED F8 TIME? <V OR N> ";
1620. INPUT G*
1630 IF GS-"NM THEN 1940
1640 PRINT "DO VOU WflNT TO CHfiNGE F3 TIME ON FORWflRD SPREflO? <V OR N5 ";
1S50 INPUT G*
1660 IF GS "NW THEN 1820
1670 PRINT "SPREflD NUMBER <1 THRU 65 WITHIN LUW » ";
1680 INPUT N6
1690 PRINT "TRflCE NUMBER » ";
1700 INPUT N7
1710 PRINT " Old vftlue - "; TKN6, N7>
1720 PRINT '" New vala» - ";
1730 INPUT TKN6, N75
1740 PRINT "DO VOU WflNT TO" CHflNGE flNOTHER VflUJE?";
1750 PRINT " <V OR N> "j
1760 INPUT G*
1770 IF GS-"N" THEN 1790
1780 GO TO 1670'
1790 PRINT "DO VOU WflNT TO CHflNGE F3 TIME ON REVERSE SPREflD? <V OR N5 ";
1800 INPUT G*
1310 IF G*»»N" THEN 1940
1820 PRINT "SPREflD NUMBER <1 THRU 65 WITHIN LUW - ";
1830 INPUT N6
1340 PRINT " TRflCE NUMBER -";
1850 INPUT N7
I860 PRINT - Old vala« » "; T2CN6, N75
1870- PRINT " N«« value - *;
1880 INPUT T2<N6, N75
1390 PRINT "DO VOU WflNT TO CHflNGE flNOTHER VflLUE?";
I960 PRINT " <V OR N5 ";
1910 INPUT GS
1920 IF G*-"N" THEN 1940
1930 GO TO 1820
1940 RETURN
1930 REM ** SUB: STORE BNTSRSD DflTfi
I960 PRINT "^J^ILE NUMBER » ";
1970 INPUT F0
1980 Fl-<1*INT < 20*N1*N2*140 5/256 5 *236
1990 PRINT "REQUIRED FILE SPflCS » "; Fl
2000 PRINT "IS RESERVED FILE SPflCS SUFFICIENT? <V OR N> ";
2010 INPUT G*
2020 IF G*»"V" THEN 2Q70
2030 PRINT "G«G-G-INScRT F3 DflTfl TfiPE IN 4031"
2040 GOSU8 2170
2030 FIND F0
2060 MflRK 1- Fl
2070 PRINT "G.G-G-INSERT F3 DflTfl TflPE IN 4924"
2080 GOSUB 2170
2090 FIND 92:F9
2130 WRITE 92: flS. U0« Nl* N2- N3, P0, Pt, PZ X3, X4
2118 WRITE 92:T1^T2
2128 PRINT 92, 2:
2130 FIND 92:F0
2140 REflD 92: fl** Lfl* Nl, N2- N3- P0* PI- PZ. X3, X4
2130 REflD 92:T1^ T2
2160 RETURN
2173 REM ** SUB: REflDV TO PROCEED?
2180 PRINT "_flRE VOU REflDV TO PROCEED? <V OR N> ";
2190 INPUT G*
2200 IF G*»"N" THEh« 2130
2210 RETURN
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PROGRAM TO COMPUTE STATIC CORRECTIONS

138 PRINT "L-COMPUTE STflTICS USING SIX-FOLD, TWC-WflV PROCEDURE"
119 INIT
120 DIM fl*<24>, G*<1>
120 REM **. ENTER FIRST flRRIVflLS FROM SET OF DflTfl TflPES
140 GOSUB 370
130 REM ** ENTER SURVEYING DflTfl FROM DflTfl TflPE
150 GOSUB 730
170 REP! ~* VERIFV DflTfl-SET flGREEMENT
130 GOSUB 350
190 REM ** TflBULflTE INPUT DflTfl
200 GOSUB 910
2±0 REM ** ESTflBLISH COMPUTflTION PflRflMETERS
220 GOSUB 1570
230 REM ** COMPUTE SP-TO-S? REFRflCTION TIMES
240 GOSUB 1920
250 REM ** COMPUTE DELflV TIMES USING flBC PROCEDURE
260 GOSUB 2630
270 REM ** COMPUTE DELflV TIMES flT EXTERIOR POSITIONS
230 GOSUB 3240
290 REM ** COMPUTE STHTIC CORRECTIONS
300 GOSUB 3430
310 REM ** TflBULflTE STflTIC CORRECTIONS
320 GOSUB 3710
330 REM ** STORE STflTIC CORRECTIONS
340 GOSUB 4100
350 PRINT "_G-G-G-PROGRflM COMPLETED"
360 END
370 REM ** SUB: ENTER FIRST flRRIVflLS FROM SET OF DflTfl TflPES
330 PRINT "NUMBER OF FIRST flRRIVflL DflTfl TflPES » ";
390 INPUT N0
400 N0-<*N0.
410 DIM TKN0, 125* T2<N0* 125
420 Tl-fl
430 T2-0
440 DIM T3<o* 125, T4<6, 125
450 T3-6
460 T4-0
470 I»fl
480 FOR L«l TO N0X6
490 PRINT "G-G-G__INSERT * "; U " FIRST flRRIVflL DflTfl TflPE IN 4924"
500 PRINT "FIL£ NUMBER OF * "; U 14 F3 DflTfl TflPE » ";
510 INPUT Fl
520 FIND 92:F1
530 REflD 92: fl*» L3» Nl* N2* N4, P0, Pl^ P2^ X3. X4, T3^ T4
540 PRINT "flREfl: "; RSi "; LINE: "; L3; "; FIRST SPSPN "; Pi; "; LflST S?'?PN
550 IF U>t THEN 570
560 P3*P1
570 FOR J*l TO 6
580 1*1*1
590 FOR K«l TO 12
S00 IF T3<J. K5»« THEN S90
610 TKI*K5«T3<J»K3
623 T2<I*K5»T4<J«K5
633 NEXT K.
640 NEXT J
650 NEXT L
660 DELETE T3, T4
570 P1-P3
530 P4-P2
690 N1»I
700 PRINT "_TOTflL NUMBER OF SPREflOS SHOT » "; Nl

33



710 N3-1-HD. 3*<P4-P2>
720 RETURN
738 REM *  SUB: ENTER SURVEYING DflTfl FROM DflTfl TflPE
740 PRINT " _G-G-G-INS5RT SURVEYING-OflTfl TflPE IN 4924 FILE NO. » ";
750 INPUT F0
768 FIND 92:F0
770 REflO «2:-fl*. L3* N9* N2, N4, P0, PJL P9, X3- X4
780 PRINT "flR£fl:";fl*; "; LINE:"iLa;"; FIRST SPUPN "; Pi; "; LflST SPSPN "; P9
790 IF N3<-N4 THEN 320
890 PR I "Gi-G-G__ERROR: INSUFFICIENT NUMBER OF STRTIONS HflVE SEEN SURVEYED"
310 GO TO 330
828 DIM E1<N3>
830 REHD 92:El
849 RETURN
830 REM ** SUB: VERIFY OflTfi-SET COMPATIBILITY
860 PRINT " flRE OflTfl SETS IN flGREEMENT? <V OR N> "j
378 INPUT, G*
380 IF GS-^Y" THEN 900
398 PRINT "G-G^G__E_RRCR: DflTfl SETS ARE NOT COMPATIBLE"
980 RETURN
910 REM ** SUB: TflBULflTE INPUT DflTfl
920 U-22
930 PRINT "_DO YOU WflNT TO TflBULflTE INPUT DflTff? CY OR N> ";
940 INPUT G*
930 IF G*-"N" THEN 1360
960 PRINT "00 YOU WflNT TO TflBULflTE ON PRINTER? CY OR N> ";
970 INPUT GS
980 IF GS--N" THEN 1008
990 U-31
1000 PRINT UU:"L_flR£fl: "; flsi ", LINE NUMBER: "; L3
1010 PRI i»U:"NO OF SPQS: "; NU " . NO OF SEIS/SPO : "; N2j ", NO OF STflTIONS: "; N3
1020 PRINT UU^PN INTCm/PN)--; P0; ", FIRST SP PN»"; PI; ",. LflST S? PN«»; P2
1030 PRINT UU^'O/S TO NEflREST DETECTOR'ON FQRWflRO SPREflO » "; X3
1048 PRINT (?U:"O^S TO NEflREST DETECTOR ON REVERSE SPREflD - "; X4
1030 PRINT UU:" "
I860 PRINT i?U:"SURFflC£ ELE\'flTIONS:""
1070 N4-INTCN3/4)
1080 N3«N3-4*«4
1098 IMflGE K, 4<30. 3X. 40. D, 3X5
1108 PRINT 9U:"   PN EL£V PN ELEV PN ELE^.'";
1118 PRINT 9U:" PN ELEV"
1128 P*Pl-8
1138 K»-3
1140 FOR J«t TO N4
1138 P«P-f8
11S0 K»K>4
1178 PRINT f?U: USING 1090: P, E1OO, P*2- EKKt-l), P+4, El<K*2>* P-^S. S1<K* S>
1130 NEXT J
1198 IF N3-8 THEN 1298
1288 IF N3-1 THEN 1233
1218 IF N3-2 THEN 1238
1220 IF N3»3 THEN 1278
1238 PRINT UU:" "; P>3i " "; E1<K*4)
1248 GO TO 1298
1238 PRINT 9U: " "; P+8; lf "; E1<K*4); " "; P>10; "
1268 GO TO 1298
1278 PRINT 9U : " "; P>3; " "; S1CK+4); " "; P*10; "
1280 PRINT UU:" ".; P*12j " "; £1<K>65
1290 PRINT UU:" "
1330 PRINT 9U:"REFRflCTION TIMES OH FQRWflRD SPREHOS"
1310 IMflGE 4<40. D, 3
1320 P7-P1-4
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1338 P3-P1+X3/P9-4 
13413 FOR J«l TO Nl 
1338 P7-P7+4 
1368 P3-P9+4
1370 P9«P9+<N2-i>*2
1330 PRINT (Wr-SPtlPN: 11 ;??; " SPREflD FROM PN:"j08j" TO "* P9
1390 FOR K«l TO N2 STEP 4
1489 PRINT 9U: USING 1318: Tl< J, IO, Tl< J, K+1X Tl< J* K+2>* Tl< J, K+3>
1410 NEXT K
1420.NEXT J
1438 PRINT 9U: H "
1440 PRINT 9U:"REFRfiCTION TIMES ON REVERSE SPREflDS"
1430
1460-
1470 FOR J«t TO Nl
1430 P7-F7+4
1490 P9-P9*4
1300 P9«P9*<N2-15*2
1310 PRINT (?U:"SP<?PN:"; P7; " SPREflO FROM PN:";P9i" TO "; P9
1320 FOR K»l TO N2 STEP 4
1330 PRINT <W5 USING 131ff: T2< J* K), T2<J, K*1J. T2< J, K*25* T2< J, K+3>
1340 NEXT K
1330 NEXT J
1360 RETURN
1370 REM ** SUB: ESTR8LISH COMPUTflTION PflRflMETERS
1388 MOVE a, 8
1398 PRINT
1588 PRINT "_ ESTIMRTED LVL VEL * ";
1618 INPUT' V0
1S20 PRINT "ESTIMATED SU8-LVL VEL * ";
1538 INPUT VI
1540 PRINT - flSSUMED OflTUM 'VEL *  ;
1S30 INPUT V2
15e0 PRINT " ' DflTUtt ELEVflTION » ";
1670 INPUT £3
1630
1590
1780
1710
1720 P4*P2-X4/P0
1730
1740
1730 M3»
1750 P6-P3-X4/P0
1770
1780 DIM QKN15, 02<N1>, SKNi;> S2<Ni;, T3CN15, T4<N1>
1798 T3«8
1800 T4-8
1310
1320
1333
1340 S2<1>««5
1830 FOR J»2 TO Nl
1363
1370
1388 S1CJ5*S1<J-1>*2
1899 S2<J^*S2<J-1>*2
1908 NEXT J
1918 RETURN
1928 REM ** SU8: COMPUTE SP-TO-S? REFRflCTION TIMES
1939 REM « *  COMPUTE SP-TO-SP TIMES FOR FORWflRD SPREflOS
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1330 FOR K»l TO Nl
1360 IF G1<J<><»G2<13 flNO G2OO»>S2<1> THEN
1370 NEXT K
1380 G2«G2<13-Gl<K3fl
1398 G4-S3+M3H16
2000 G3*<33
2010 G6-G4
2020 G7-K
2030 GOSUB 2120
2040 FOR J-2 TO Nl
2050 G7*G7+1
2060 IF G7>N1 THEN 2260
2070 K*G7
2080 03-G3
2038 G4-G6
2100 GOSUB 2120
2110 NEXT J
2120 REM * * SUB: REPEATED COMPUTflTION -- FORWfiRO SPREADS
2139 LI
2140 T3-TKK, G43-TKK, G33
2130 IF ION1 THEN 2240
2160 G3-Q3-2
2170 IF G3<1 THEN 2240
2180 G4-Q4-2-
2138 K-K-H
2200 IF ION1 THEN 2240
2210 L-L+1
2220 T3-T3+TKK^ G43-TKIC, G3)
2220 GO TO 2160
2240 T2<J3»T3/'L+T1<J, N23
2230 RETURN
2260 RE« * «  COMPUTE SP-TO-SP TIMES FOR REVERSE SPREflOS
2270 J-N1 ' .
2280 FOR K«N1 ;TO 1 STEP -1
2238 IF G1<K3<«SKN13 flNO G2<K3->G1<N13 THEN 2310
2300 NEXT K
2310 G3-SKN13-Gl<K3-fl
2320 G4-Q3-H13-M1 .
2330 G3-Q3
2340 G6-C4
2330. G7-K
2360 GOSUB. 2430
2370 FOR J-N1-1 TO 1 STEP -1
2380 G7-G7-1
2330 IF G7<1 THEN 2330
2400 K-G7
2410 G3-G3
2420 G4-GS
2430 GOSUB 2430
2440 NEXT J
2430 REM *» SUB: REPEflTEO COMPUTflTION   RSVSPS6 SPREflOS
2460 U«l
2470 T3-T2<10 G33-T2<K- G4>
2400 IF K<1 THEN 23T9
2430 G3«G3*2
2300 G4-G4-f2
2310 IF G4>N2 THEN 2379
2320 K-K-1
2330 IF K<i THEN 2379
2340 L«L*1
2330 T3»T3-fT2<K, G3>-T2<K, G4>
2360 GO TO 2430
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3130 NEXT L 
3200
3210
3220 NEXT J
3230 RETURN
3240 REM ** SUB: COMPUTE DELflV TIMES flT EXTERIOR SP POSITIONS
3230 REM ** COMPUTE FOR SP'S NEafi BEGINNING OF LINE
3260 FOR M-l TO Nl
3270 IF SKM>->M3 THEN 3230
3230 NEXT n
3230 K*SKM>
3300 L-rtS-fU
3310 M-fH-1
3323 FOR J*K TO 3 STEP -2
3330 fWM.
3340 0<J-25-TKM-1* 13-TKM* 1>+0<J>-0<J+L-2>+0<J*O
3350 NEXT J
3360 REM- ** COMPUTE FOR SP'S NEflR END OF .LINE
3370 FOR n-Nl TO 1 STEP -1
3330 IF S2<MX-f14 THEN 3400
3330 NEXT II
3400 K«S2<M5
2410 L«*12H»!4
3420 M-«-l
3430 FOR J-K TO M2-2 STEP 2
3440
3430
34<S0 NEXT J
3470 RETURN
3480 REM'** SUB: COMPUTE STflTIC CORRECTIONS
3490 DELETE T4. T3
3300 DIM T4<N35, T3<N1* N2>* TS<N3-, N2>
3310 SET DEGREES
3320 fll»flSN<V0/'Vl)
3330 Cl-l/COS<fll>
3340 T4-C1*0
3330 L»rtl-2
3360 M-flS-2
3370 N-fC-2.
3330 FOR J«l TO Nl
3390
3600
3610
3620
3630
3640 FOR K-l TO N2
3630
3660 T3<J, IO-T7VT9
3670 TS<J, K)»T3fT9
3630 NEXT K
3690 NEXT J
3700 RETURN
3710 REM ** SU8: TflBULflTE STRTIC CORRECTIONS
3720 01-2
3730 PRINT "_DO VOU UflNT TO TflBULflTE STflTIC CORRECTIONS? <V OR
3740 INPUT G*
3730 IF GS»"N" THEN 3380
3760 'Ol*!
3770 DIM T<N1* N25
3730 PRINT "DO VOU WflNT TO TflBULflTS ON PRINTER? <V OR N> ";
3730 INPUT G*
3300 IF QS-"N
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2319 U-31
2329 IMflGE 4C3X, 2D, 2X, 20. 0)
2329 PRINT 9U:"1_flREfl: "; fl*i " LINE NO "; L0
2349 PRINT 9U:" "
2339 PRINT 9U:"STflTIC CORRECTIONS FOR FORWfiRD SPREADS"
3369 P6-P1-4
2370 P7-P3-4
2389 PS-P7+2*<N2-1)
2339 T-T3
2399 GOSU8 2339
2319 PRINT 9U:" "
2329 PRINT UU:"STATIC CORRECTIONS FOR REVERSE SPREADS"
2329 P6-P3-4
2349 P7*P3-4
2339 P8»P7+2*.<N2-1)
2369 T-T6
2370 GOSU8 2339
2389 RETURN
2399 REP! ** SU8: TABULATION FORMAT
4999 FOR J*l TO Nl
4910 P6-P6+4
4929 P7-P7-M.
4929 PS-P8+4
4949 PRINT 9U:"SP 9 PN "; P6; " SPREflO FROM PN 'VP7; " TO "; PS '
4039 FOR K-l TO N2 STEP 4
4068 PRI HU: USI 2S2«:K* T<J, K>. K-^ T<J, K+13, K+2, T<J* K+2>* K+3« TCJ*
4070 NEXT K
4089 NEXT J
4030 RETURN
4109 RET1 ** SUS: STORE STflTIC. CORRECTIONS
4110 PRINT "_DO YOU WfiNT TO STORE STP.TIC CORRECTIONS? <Y OR N> "
4120 INPUT Q«
4129 IF Q*-"N" THEN 42S9
4140 PRINT -FILE NUMBER - ";
4130 INPUT F2
4159 Fl»<l-f INT«40*N2-»-40*«l'-N2fl40)/'23S> >*236
4179 PRINT "_REQUIRED FILE SPflCE » "; Fl
4130 PRINT "_IS RESERVED FILE SPflCE SUFFICIENT? (V OR N> ";
4139 INPUT 09 ~ 
4200 IF GS-"V THEN 4230
4210 PRINT "_G-G-G-INSERT STRTIC CORRECTIONS TflPE IN 4031"
4220 GOSU8 4270
4230 FIND F2
4240 MfiRK 1* Fl
4230 PRINT "G-G-G__INSERT STflTIC CORRECTIONS TRPE IN 4924"
4260 GOSU8 4270
4270 FIND U2:F2
4230 URITE H2: f», E2, LO, Nl, N2, N3. P0- PI, P2, V0, VI, V2, X2, X4
4230 URITE 92: El, SI, S2, Tl, T2, T4, T3. To
4209 PRINT 92,2:
4210 FIND f2:F2
4320 REflO 92: A*. E2. L9, Nl, N2, N2, P9, PI, P2, V0, VI, V2, X2, X4
4239 REflO 92: El, SI, S2, Tl, T2, T4, T3, TS
4340 IF 01-2 THEN 4260
4230 PRINT 9U:"STRTIC CORRECTIONS STORED ON FILE "; F2
4260 RETURN
4379 RET1 ** SU8: REflOV TO PROCEED?
4230 PRINT "flRE VOU REflDV TO PROCEED? <V OR N> ";
4390 INPUT G*
4400 IF Q^-'^N 11 THEN 43S0
4410 RETTJRN
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PROGRAM TO PLOT ADJUSTED FIRST ARRIVALS, GROUND AND 

LVL ELEVATIONS, AND TIME TO DATUM AT EACH STATION

180 PRINT "L-PLOT flDJ. FB'S, SLEV, LVU A STflTIC CORR. ";
118 PRINT " FOR 5-FOLD, 2-WfiV PROCEDURE"
120 INIT
128 DIM fl*<24>, D*<1S:>, 5*<4>* F*<2?X G*<1>, S*<7>
148 REM ** REfiD .flND CONDITION DflTR FROM STfiTIC CORRECTION DflTfl TflPE
158 GOSU8 448
158 REM ** ESTR8LISH PLOT PflRflMETERS
178 GOSU8 748
138 -REM ** COMPUTE STRTIC CORRECTION flT ERCH STRTION
158 GOSU8 1158
288 REM "* SELECT TICKMfiRK INTERVALS
218 GOSU8 1239
228 REM ** PLOT flND LflSEL BORDERS
228 GOSU8 1488
248 REM *  PLOT TICKMflRKS
258 GOSU8 1328
268 REM "* PLOT flDJUSTSD FIRST flRRIVflLS FOR FORWflRD SPREfiDS
278 GOSU8 2533   "
288 REM'** PLOT flDJUSTED FIRST flRRIVRLS FOR REVERSE SPRERDS
258 QOSUB 2838
388 REM ** PLOT STRTIC CORRECTIONS flT ERCH STATION
318 QOSU8 2558
328 REM ** PLOT GROUND flND LVL ELEVflTIONS flT ERCH STflTION
338 GOSU8 3888
348 WINDOW 8, 128* 3, 188
358 VIEWPORT 8,138, 8> 188
358 MOVE 8> 8
378 PRINT
338 PR! "DO VOU UfiNT TO REPLOT UITH NEW TICKMRRK INTERVflLS? <V OR N> ";
358 INPUT Or
488 IF GS-'^N" THEN 428
418 GO TO 288
428 PRINT "G-G-G-PROGRRM COMPLETED"
438 END
448 REM * »  SUB: REflO flND CONDITION DflTfl FROM STflTIC CORRECTION DfiTfl TflPE
458 PRINT "G-G-G__INSERT DflTfl TRPE IN 4524 FILE NO. *";
458 INPUT Fl
478 FIND i?2:Fl
488 REflD 32: flS, E8, L9< Ml* N2, N3* PO, Pi* P2- V8, VI, VZ, X3. X4
458 DIM E1<N3>/SKN1), S2<N1^. T4<N35
588 DIM TKNl^ N2), T2<N1-N2), T5<N1^ N2). TS<N1<)
513 REflO 32: El, Si- S2* Tl* T2- T4, T5, TS
523 FOR J-l TO ^C
538 IF T4<J>08 THEN 558
548 T4<J>-3. 5*<T4<J-l>-t.T4<J-t.l^5
558 NEXT J
558 DELETE T3«TS
573 SET DEGREES
588 C»COS<flSN<V3^'Vl^ )
558 DIM E2<N35» T3<N35- T7<N1* N2).
588 T3-C*T4
518 FOR J«l TO N3
523 E2<J5- 1CJ5-V8*T4<J5
538 NEXT J
548 FOR J«i TO Nl
558 P*SKJ5*«. 5*X3^P8-1
558 FOR K«t TO N2
578 P«P*1
538 T7<J, IO»TKJ,
558 T3<J, K5»T2<:J* K
738 NEXT K
718 NEXT ;
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723 , DELETE Tl, T2, T3
730 RETURN
740 REM ** SUB: ESTABLISH PLOT PflRflnETERS
758 RESTORE 760
760 DflTR 48, 6, 26, 52, 95, 23, 13, 126,1. 386, 2. 357, 1
779 REflO B8, Bl, 32, B4, BS, B9, Cl, C2, K3, K4, 01
730 32-62-91
790 36*85-94
800.C3-C2-C1
310 DS-"fiDJUSTED FB'S"
320 E*-MELEV"
333 F*-"TRflVERSE DISTflNCE IN METERS"
840 S*-"STRTICS"
350 DIM TKN23,T2<N2:> < T3<N1>,T5<N1>, T6<N1>,T9<N1>
368 FOR J«l TO Nl
370 FOR K«l TO N2
380 TK1O-T7XJ, K3
398 T2<1O»T3<J, IO '
900 NEXT K
918 CflLL "MflX", Tl* Jl- II
920 CRLL "HIN", Tl, J2- 12
930 CflLL "MflX", T2, JX II
948 CflLL "niN", T2- J4, 12
958 T3<J)»J1
968 T5<J)-J2'
970 T6<J)»J3
988 T9<J5»J4
998 NEXT J>
1388 DELETE Tl, T2
1010 CRLL "TlflX", T3, Jl- II
1020 CflLL "nflX", T6. J2, 12
1330 J3»J1 MflX J2
1048 CflLL "HIN", T5. Jl- II
1050 CflLL "MIN", T9, J2, 12
1060 J2-J1 MIN'J2
1070 J1-J3-J2
1080 J7»J3-J2
1098 DELETE T3, T5, TS, T9
H00 D1»P0*<P2-P1^
1118 K1-C3/D1
1120 CflLL "MflX", 61* E4, II
1130 CflLL "HIN-, £2, E3, 12
1140 E7-64-E3
1158 RETURN
Ho8 REM ** SUB: COMPUTE STflTIC CORRECTION flT EflCH STflTION
1170 DIM T5<N3)
1180 FOR J-l TO N3
1198 T5<J5»T4<J5*<E1<J3-V0*T4<J)-S0)^V2
1200 NEXT J
1210 CflLL "WIN", T5, Tl, II
1220 CflLL H MflX"/T5, T2, 12
1238 J5-T2-T1
1240 RETURN
1258 REM ** SUB: SELECT TICKMfiRK CTTI) INTERVALS
1268 PRINT "^SELECT TICKMflRK INTERVALS'*
1270 PRINT "_ El*v<xCu3n dlff«r«nc« » "; INTO.
1238 PRINT " Elevation TM inC*rval » ";
1290 INPUT 14
1388 PRINT "_ ToCal Crav«r-5« dlsCafic* » "; INTO.
1318 PRINT " Travcr-J* TM wiC^r^/al » ";
1320 INPUT 16
1330 PRINT "_ flr-rtwat tun« d-i.ff*r*nc* » "; INTO.
1340 PRINT "flrr-tval ti-ra» TM tnC*rv«il » ";
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1580 RORRW 9, l
1590 RMOVE 9, 80-89-2
2080 RDRflW 9,1
2018 RMOVE -2. 3*K3, 0. 3* O4-885-K4*11/32
2020 PRINT USING 1940:06
2930 RMOVE 2. 3*K3, 9. 3* O4-885+K 4*11/32
2040 RDRflW a, 1
2030 RMOVE 9,86-2
2068 RDRflW 0,1
2070 RMOVE 9,81-83
2080 NEXT K
2090 REM ** TICKMRRKS FOR SLSVflTXONS
2100 E3-INT<E3/I4>*I4
2119 SS-INT<E4^l4fl)*l4
2120 MOVE Ci-4*K3<81-K4*ll/32
2138 PRINT USING 1830:£3
2140 F10VE Cl.il
2130 D8-<ES-S3>/I4
2160 K3«83/<Ee- 3>
2170 D9-K3*I4
2180 D7« 3
2190 FOR K«l TO 08-1
2200 07«O7*I4
2210 RROVE 9,09
2229 RW3VE -4*K3, -K4*ll/32
2230 PRINT USING 1850:07
2240 RMOVE 4*K3* *K4*ll/'32
2230 RORflW 1,9
2260 RnOVE C3-2.0
2270 RORBI4 1,9
2280 RMOVE -C3, 9
2290 NEXT K
2300 REM ** TICKMflRKS FOR STflT.IC CORRECTIONS
2310 T1»INT<T1/I7^*I7
2320 T2-INT<1*T2/I75*I7
2330 HOVE Ci-3*<3, S9-K4*ll/32
2340 PRINT USING 1840:Tl
2390 HOVE Cl, 89
2360 04-1-KT2-TD/I7
2370 05* 17*00-89)/<T2-T1^
2380 REM
2390 MOVE Cl,89
2400 13-17
2410 07-T1
2420 GOSU8 2310
2430 REM ** TICKMflRKS FOR flOJUSTED F8'S
2440 06-<1*INT<J3/I3»*I3
243e 07»INT<J2/135*13
2460 04-<06-075/I3
2470 03-I3*86/CD6-075
2480 00-O7
2490 MOVE C1*B4
2300 13*13
2319 FOR K«t TO 04-1
2320 07*07+13
2330 RMOVE 8, 03
2340 RMOVE -3*K3, -K4*ll/32
2330 PRINT USING 1340:07
2360 RMOVE 2*<3, *K4*l±/32
2379 RORflU 1, 3
2380 RMOVE C3-2, 9 
2399 RORflW 1, 0
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2698 RftOVE -C3, 9
2619 NEXT K
2620 RETURN
2639 REM ** SU8: PLOT fiDJUSTED/FIRST flRRIVflLS FOR FORWfiRD SPREADS
2648 N4-N2
2638 97-84
2669 93-83
2679 DIM FKN4)
2530 K6-2*P9
2699 K7*2*Ki*K6-
2790 C4*«1*X3-K7+C1
2719 C3«C4
2729 CS-Kl*<X3-H<6*<N2.-13>-K7+Ci
2739 C7-C6
2749 FOR J«l TO Ni
2759 C3»C3-H<7
2769 C7-C7X7
2779 FOR K»l TO N2
2799 fl<JO»T7<J,IO
2799 NEJ<T K
2399 GOSU8 3130
2819 NEXT J
2329 RETURN
2339 REM ** SUB: PLOT flOJUSTED FIRST flRRIVRLS >OR RE^/ERSE SPREflOS
2349 C3-C4
2339 C7-C6
2369 FOR J»t TO Nl
2879 C5«C5+<7
2389 C7«C7-H<7
2399 FOR K-l TO N2
2999 fl<K5»T8< J, K)
2919 NEXT K
2929 QOSU8 3139
2939 NEXT J
2949 RETURN
2939 REM ** SUB: PLOT STflTIC CORRECTIONS flT EflCH STJRTION
2969 DELETE fl
2S79 N4-N3
2989 DIM FKN4)
2999 C3-C1
3999 C7-C2
3919 37*89
3929 38-83
3939 D9-T1
3949 D6-T2
3939 fl»T3
3969 QOSU8 3139
3979 RETURN
3988 REM ** SU8: PLOT GROUND flND LVL ELEVflTIONS flT EBCH STflTION
3999 37-81
3199 38-82
3119 D9- 3
3129 D6« 6
3139 fl« l
3149 GOSU8 3139
3139 fl- 2
3169 GOSU8 3198
3179 RETURN
3139 REM *- SUB: PLOT ROM
3199 VIEWPORT C3, C7> 37, S3
3299 WINDOW 1, N4, D9* D6
321Q CflLL "DISP", fl
3229 RETURN
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